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Summary 

Norden Machinery is an international company designing and manufacturing 

different types of packing systems. Among these systems, metal tube filling 

machines play an important role in this business. Each machine has different 

stations until the product is stored: placement, transport, filling, flattening, 

folding, pressing and packing.  

The scope of this project is the folding station. In the current station some 

difficulties when cleaning appear due to the lack of space among the parts. 

In order to solve this problem, some new concepts will be proposed as a 

consequence of a product design process. The most suitable one will be 

implemented as a 3D model. 

An extensive research of literature has been carried out with the purpose of 

this project. A product design process has been created to develop a new 

concept. This process consists of six different steps: defining the problem, 

defining the product objectives and requirements, concept generation, 

studying and comparing the concepts, developing the selected concept to a 

final product and validating the final design. 

This project follows a deductive approach in which data have been collected 

through documents and interviews. The method used is valid and guarantee 

that the solutions will be reliable. 

After applying the product design process, ten new concepts have been 

discovered. Three of them have been selected by the company so that one of 

them is developed and implemented in 3D Cad. 

The resulting concept has the same functionality as the current station but 

some parts have been modified and some other ones have been removed in 

order to make the station more spacious.  
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Sammanfattning 

Norden Machinery är ett internationellt företag som designar och tillverkar 

olika typer av förpackningssystem. Bland dessa system, metalltub-

fyllningsmaskinen spelar har en viktig roll i den här branschen. Varje 

maskin har olika stationer tills produkten är lagrings: placering, transport, 

fyllning, tillplattning, vikning, pressning och packning.  

Detta projekt omfattar vikningsstationen. I denna station finns det vissa 

svårigheter att rengöra på grund utrymmesbrist mellan stämmorna. För att 

lösa detta problem kommer en del nya koncept att föreslås som en del av 

produktutvecklings fasen. Den mest lämpliga kommer att tas fram som en 

3D-modell.  

En omfattande forskning av litteratur har utförts med syfte till att förstå 

processen och detta har resulterat i användandet av dem olika produktdesign 

stegen. Denna process består av sex olika steg: definiera problemet, 

definiera mål och krav, konceptgenerering, studera och jämföra de 

framtagna koncepten, utveckla det valda konceptet till en slutprodukt och 

validera den slutliga utformningen.  

Projektet följer en deduktiv metod där data har samlats in genom dokument 

och intervjuer. Den metod som användses är valid och garanterar att 

lösningarna kommer vara trovärdiga.  

Efter att de sex produktutdesign stegen använts så har det genererat till tio 

nya koncept. Tre av dem har valts ut av bolaget och en av dem utvecklas och 

implementeras i 3D CAD.  

Det framtagna konceptet har samma funktion som den aktuella stationen, 

men vissa delar har modifierats och några har tagits bort för att göra 

stationen rymligare. 
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Abstract 

The folding station is one step of the packing process taking place in the 

metal tube filling machines. The purpose of this project is to develop and 

design a folding station for metal tubes. With this aim, a product design 

process has been created and as a result of the application of a deductive 

method, ten concepts have been discovered and the most suitable one has 

been developed later on.  

Keywords: Product development, Folding metal tubes, Product design, 

Concept generation 
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1. Introduction 

1.1 Background 

There are different ways and processes to study and try to succeed and 

improve a tool to find out the most suitable alternatives for the user, the 

producer, the context where the product is located (see step one in the 

application part) and the product itself.  

Developing a new concept of a product is a huge task and requires the 

involvement of a big team consisting of designers, engineers and 

communication and structuring assistants who ensure no big considerations 

are forgotten (Ullman David production process in a company. The product 

development process is an efficient G., 1997). This project is developing a 

new concept in the field of packaging. 

Packing systems are crucial in the current world. Nowadays, every product 

is packaged and delivered to the customers. Packaging involves several tasks 

such as planning, manufacturing and wrapping the finished goods. It is one 

of the biggest industries worldwide and professionals and specialists in 

mechanical engineering take part in this process. 

When the finished good is a tube, it is necessary to use tube filling machines 

in order to pack it. Those machines are applied to fill tubes made of different 

materials such as plastic and metal. This study will focus only on metal tube 

filling machines.  

Metal tubes can contain food, cosmetics or pharmaceutical products and 

they need to be perfectly sealed so that moisture, odour and light do not 

pollute the filling product. In the case of aluminium tubes, the material 

remains folded without rupturing due to its characteristics. This is important 

because the tube user will squeeze it and it should not be broken as a result 

of a regular usage (Anand and Mane, 2014).  

Several steps are followed in order to pack the tubes in the tube filling 

machine as shown in Figure 1. Firstly, the tube is placed in the production 

line of the machine and transported to the filling station. After that, the 

pressing station will flatten the upper side and the folding station will fold it. 

Once folded, the tube is sealed and packaged. The folding section is the 

target of this project. 
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Figure 1: Tube filling production line (Catalogue Nordenmatic 1702) 

The company which has proposed this work is located in Kalmar and is 

known as Norden Machinery. It is one of the world’s biggest companies that 

specializes in first class packing machinery. Norden’s main business is 

based on designing and manufacturing different types of packing systems 

and supplying around 150 packing machines every year. The company 

originates from Arenco which was founded in 1887, later on the first tube 

filling machine was designed in 1934. Nowadays Norden machinery has a 

lot of customers all over the world. 

1.2 Problem statement 

This project is relevant for the group members, Norden Machinery and the 

supervisor teachers of Linnaeus University. It is also relevant for all the 

researchers and students that are interested in this field.  

 

This research is based on the study of the behaviour of a folding station 

inside a metal tube filling machine (see Figure 2) used for the production of 

mainly cosmetics and food in Norden Machinery Company.  
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Figure 2: Tube filling machine (Catalogue Nordenmatic 1702) 

Norden presented to the group members the different problems in the 

folding machine. The main problem is the difficulty that the workers have 

when the folding station has to be mopped (cleaned). This moping is done 

with a cloth but the complexity of the mechanisms in the station makes hard 

this action. It is important for the workers to feel comfortable and efficient in 

their job position in order to succeed.   

There is a second problem presented: an irregular behaviour in the tubes 

when they are transported section by section inside this folding station. This 

behaviour is an ascension of the product’s position of just a nonsensical 

distance but that affects the efficiency of the station and thus the final 

quality of the finished product. This problem can cause problems in the 

products and therefore in the efficiency of the production.   

The root of these problems is the filling product overflow that occurs when 

the tube is flattened. As a result, this product stains the tube and tools 

causing the previous effects.  

The existing problem will be studied and faced through a product design 

process. This process will allow creating new concepts and studying them in 

order to take the most relevant ones for this specific issue. After analysing 

the new concepts, the most substantial one will be developed, settled and 

defined. It will replace and improve the existing design. 

The research question for this project is posed as: 

“What is a suitable design of a folding station of metal tubes in order to be 

cleaned without difficulties?” 

1.3 Purpose and objectives 

The aim of this project is to find out new concepts of a folding station in a 

metal tube filling machine. These new concepts should solve the existing 

problems described previously.  
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The main objectives of this report are: 

- To build a product design process using the theory consulted in the 

literature and the empirical findings.  

- To develop a concept of a folding station for metal tubes that 

manages to make the folds shown in the catalogue of the company and 

enables the cleaning with a cloth.  

- To build a 3D CAD prototype of the concept and verify the 

developed concept through a 3D motion study. 

- To present the results in the form of a 3D CAD prototype and 3D 

printing. 

1.4 Limitations 

The project must be completed in one semester and this limitation makes it 

necessary to define and tailor the process. A Gantt chart has been used to 

plan the required duration for each task of the project as well as the date on 

which these tasks must be started. The Gantt chart is shown in Appendix 1. 

Another limitation in this project is the lack of opportunity of seeing how the 

whole machine is working and how it is being cleaned nowadays. The 

company shows the station clean and new and as a separate module out of 

the machine. There is only a video provided by the company showing the 

movement of the folding station.  

There is not a record of customer complaints or benchmarking data either. 

The company relies on customer’s feedback to know if there is anything in 

their production process that they should improve. 

There is another limitation when finding out new concepts because the 

folding station must fit into the existing machine and therefore, the 

maximum width of the station must be 240 mm which is the space taken  by 

the three consecutive existing folding steps of 80 mm of width. 

Regarding the desired folding profile of the tubes, the company also narrows 

the types of profile to four standardized types, which are shown in the first 

step of the application part (Figure 26). 
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2. Theory 

2.1 Product development process: 

Product engineering is a wide process where different departments cooperate 

together in order to work in progress considering different aspects from 

miscellaneous perspectives. Inside this field, the departments merge and 

connect in specific assignments to reach the objectives. These projects are 

performed based in various theories and processes. 

This project is based in one of these processes, called Product Design. 

Engineering, Industrial Design, Product Design and Product Innovation 

departments join together and concur to form the process. All the 

departments work together to perform this process as shown in Figure 3. 

 

Figure 3: Relation between the company and product design process 

According to Anil Mital (2008), the design process satisfies several 

requirements. This project will focus on the engineering requirements. First, 

it must incorporate the essential principle of arrangement. Each of the parts 

of the product must be linked and related to each other so that they can 

concur into the same function when they work together. Apart from being 

linked between each of the components, they must be designed under result 

test. This means the components need to be strong enough to perform their 

function inside the product to accomplish the intended result. Components 

must be accessible in order to be maintained, cleaned, repaired or changed. 

The designers will look for the perfect balance between factors to reach the 

optimum design. In order to achieve this, they will have to solve different 

problems and take some decisions. Thus, design is considered an art.  

The product development cycle is huge and long process. Figure 4 shows 

Jackson (2010)’s 8 steps in the book “Getting design right”. 

ENGINEERING 
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 Figure 4: Product Development Cycle (Jackson 2010) 

According to Ulrich and Eppinger (2008), the generic product development 

process is formed by six steps: planning, concept development, system-level 

design, detail design, testing and refinement and finally production. This 

process is shown in Figure 5. After the planning phase, the mission must be 

approved so that the concept can be developed. Then, the concept is 

reviewed and the system is designed. After this, the system specifications 

are reviewed and the detail design phase starts. Once the product is designed 

in detail, there is a critical design review and the design is tested and refined. 

In the end, the production starts once approved. 

 

Figure 5: Generic Product Development Process, (Ulrich & Eppinger 2008) 

 

 

 

  

 

 

 

Define Measure Explore Optimize 

Develop Validate Execute Iterate 

 

 

 

  

  

 

Planning 

Concept 

Development 
Product 

Ramp-up 

Testing and 

Refinement 
System-Level 

Design 

Detail Design 



 

 7 

 

Alejandro Robles, Cristina Valdivielso & Mustafa Al-Shamary 

 

2.2 Product design process: 

This paper focuses on product design which is a part inside the product 

development process. 

Product design is the process of elaborating and preparing the plans that are 

needed for the manufacturing of a product. 

When products were made by handicraft this process did not exist. In 

nowadays industrial production the products manufacturers and the 

designers are different people and they perform different jobs. When 

products are manufactured in a factory, they are produced according to a 

design that has been done by the company itself in the design department or 

by an external design company. A design is described in technical drawings. 

These drawings contain four types of data: the shape and dimensions of the 

parts, the materials the parts are to be made of, the manufacturing techniques 

to be applied and the way the parts have to be assembled into a complete 

product. 

According to N.F.M. Roozenburg (1995), many factors have to be 

considered when designing a product. For the design engineer, it is a 

technical-physical system that has to function efficiently and reliably. For an 

industrial designer the product is considered to be an object that functions in 

a psychological sense and incorporates cultural values. From another 

perspective, production engineers have to manufacture it in a fast, cheap, 

accurate and with the lowest number of faults as possible. A marketer 

considers it a commodity with added value, while entrepreneurs invest in 

new products and count on an attractive return. People that are not directly 

involved may see it from the other perspective, the undesirable and even 

harmful side-effect of production and use. For all of these points of view, 

there are requirements that must be taken into consideration. Thus, product 

design demands a multidisciplinary approach. 

Figure 6 shows the scope of this project set in context in the environment, 

the market and the company. The customer demand along with the available 

resources and other external influences affect the market and leads to the 

competition of the companies. In order to beat the competition, each 

company carry out their own management process, developing projects in 

order to design new products which will satisfy the customer demand and 

will be sold generating revenues. The design of these new products is the 

scope of this project. 
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Figure 6: Scope of the project in the context of the environment, the market and the 

company (Hales and Gooch, 2004) 
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2.3 Literature review: 

There are many books describing different theories approaching the design 

process. These theories have been investigated and some of them have been 

combined in order to build a design process suitable for this project. 

Additionally, other information sources have been used: student theses, 

research articles or internet based information.  

Appendix 2 shows the books consulted as well as the theories selected and 

used in each one, which are highlighted in green. The different books that 

have been used are: Jackson; Ulrich and Eppinger; Ullman; Anil Mital; 

Roozenburg and Eekels; and Pahl and Metz.  

2.4. Design process followed in the project: 

This research is comparing six different product design theories with 

different perspectives. The product design process that was elaborated and 

formed in the project is composed of six different steps.  

Table 1 compares the design process of Ulrich and Eppinger (2008) with the 

process followed in this project. 

Table 1: Design process comparison between Ulrich and Eppinger (2008) and this project 

Ulrich and 

Eppinger(2008) 
This project 

Planning 

Define the Problem  

Product Objectives and Requirements 

Concept Development 

Concept Generation 

Studying and Comparing the Concepts 

Developing the Selected Concept to a Final Product 

System-Level Design 

(Components) 
Validating the Concept 

The final product design process that has been built for this project is shown 

in Figure 7. 
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Figure 7: Design process followed in the project 

Each step of the process has been built comparing the different theories that 

appear in Appendix 2. 

The first step called ‘Define the Problem’ (see Figure 8) was formed 

comparing the different theories, although in this part all of them are viewed 

from the same perspective. It was decided to follow the theories in Getting 

Design Right by Peter L. Jackson and Product Design: Fundamentals and 

Methods by Roozenburg and Eekels for structuring and prioritizing the parts 

of this step. The reason why these two theories were chosen is that the 

clarity and quality of the explanations of the process in this step were 

considered optimum. The step starts explaining exactly what the problem is 

and after that, it defines the context where the problem is located.  
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Figure 8: The contents of step 1 

The second step in this process is called ‘Product Objectives and 

Requirements’ (see Figure 9). The depth and scope of this step was 

considered unlimited. This was the reason why after comparing all the 

theories, the group decided to focus not only in one of the theories but also 

in specific sources for the performance of this part. The book used was 

Ullman (1997) and it was used for the customer voice. The specific sources 

used for forming most of the part of this step were: Advanced Qfd 

Applications by M. Xie (2003) for the House of Quality; Quality Function 

Deployment: Integrating Customer Requirements into Product Design by Y. 

Akao (1994) for the Quality Function Deployment part of the step. 

Additionally, two Swedish references were used for the same reason (QFD 

and HOQ): Produktutveckling - Effektiva metoder för konstruktion och 

design by H.Johannesson (2013) and Den Nya Ekonomistyrningen by C.Ax 

(2010). Two student theses were used: Product Development, the theory and 

its applicability in practice Afshari, A. and Li, J. in KTH University (2012); 

A Model for Assessing Cost Effectiveness of Applying Lean Tools Al-

Hamed, H. and Xiaojin, Q. in Växjö University (2007). A research article 

was taken into consideration in this part: Carnnevalli J.A., Cauchick Miguel 

P. (2008), Review, analysis and classification of the literature on QFD. 

 

Figure 9: The contents of step 2 

In the third step, known as ‘Concept Generation’ (see Figure 10), the 

theories explained by Ullman (1997) and Jackson (2010) have been used for 

this project. Both of them explain how to decompose the functions of the 

product. With this purpose, Eder and Hosnedl (2010) show a transformation 

system and its flow. Ullman (1997) suggests several methods to discover 



 

 12 

 

Alejandro Robles, Cristina Valdivielso & Mustafa Al-Shamary 

 

concepts, including brainstorming among them. This method is the only one 

considered by Jackson (2010) and will also be the one selected for this 

project since it is the method that best fits the characteristics of the design 

team. In order to generate the concepts, Jackson (2010) uses a 

morphological matrix.  

 

Figure 10: The contents of step 3 

In the fourth step (see Figure 11) attribute names are created for the needed 

and unneeded concepts and listed in the Pugh matrix according to Jackson 

(2010) and Ullman (1997). A concept is selected as a result in this step. 

 

Figure 11: The contents of step 4 

The fifth step has been called ‘Developing the selected concept to a final 

product’ (see Figure 12). The theories of Jackson (2010) and Ullman (1997) 

have been followed in this step. Jackson (2010) explains a way to identify 

subsystems by using affinity groups and operational description templates, 

whereas Ullman (1997) recommends some practical proceedings for the 

design. In this project, the subsystems and affinity groups have been 

included in the third step whereas the fifth step is consisting of a proposal of 

the shapes of the components of the selected concept.  

 

Figure 12: The contents of step 5 

The step six of this process has been called validating the final design (see 

Figure 13). The theory explained by Ulrich and Eppinger (2008) about 

prototyping has been followed in this step because it was the deepest theory 
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of all the ones. Ulrich and Eppinger (2008) introduce different types of 

prototypes and their application. In this project a 3D CAD prototype has 

been selected because they are the most effective ones to communicate the 

developed concept and software to implement them is available where the 

project is going to be carried out. 

 

Figure 13: The contents of step 6 

2.4.1 First step: Define the problem 

A problem is the result of an incomplete need. In order to be efficient and 

able to work in progress in the project, the first step needed is to state the 

objectives and clarify the exact problem faced. The need must be clearly 

defined to formulate a problem, this will be performed defining the product 

concepts and studying the context of the product.  

Background and current situation: 

This step deals mainly with how to succeed and proceed with an initial idea 

to face a specific problem. The design projects can be performed or viewed 

in the wrong way in the beginning, since sometimes it is difficult to focus on 

them from the right perspective. According to Getting design right (Peter L. 

Jackson, 2010), a problem appears when some factors are found in a certain 

situation. These factors are: there is a discontentment of a situation, it can be 

directed to the future and it is possible to do something to change that (see 

Figure 14). Other factors may be common for these situations, like 

uncertainty about the solution. 

 

Figure 14: Generation and definition of a problem (Jackson, 2010) 
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Explanation 
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According to Peter L. Jackson (2010), there are two different types of 

common errors. The first one is when the group members are in a rush and 

they start with the performance of the project without really having 

understood or knowing the exact problem they are facing. The second one is 

when for some reason the group members ignore the solution they must 

accomplish or the real goals required to find an appropriate answer for the 

project. 

There are three vital factors to minimize possible errors: being concise, clear 

and direct in the project. 

In this first step there are some sections that need to be defined in order to 

define the problem: 

Define the problem: 

Taking into consideration the ideas collected by Peter L. Jackson (2010), it 

is necessary to describe and define the existing state and also the 

problematic aspects that are found in this state. The name that is used for 

this is ‘status quo’. It is needed to investigate the reason why these problems 

are caused and what will happen in the future if no changes are done. 

It is necessary to percept and control the people involved in the problem. 

The people in charge of the situation are called the owners of the problem. 

These people will set design goals and authorize important design decisions. 

Sometimes it is only one person, but usually it is a team that is in charge. It 

is necessary to delimitate and focus on the people that are going to be 

involved in the project. The more relevant the people involved are, the more 

specific, efficient and further the project will be. It is important to identify 

the user and the customer too, so it is possible for the former to use the 

product for an approved purpose, and for the latter to approve the purchase 

of the system and transfer it into use. 

Define the context: 

According to Peter L. Jackson (2010), the context is defined in the following 

way: 

First of all, the system boundary is defined and it clarifies what is inside and 

outside the design system. This makes the communication easier, more 

direct and simpler. Confusion can appear in the group work when presenting 

what entities of the project are external, and this can be avoided by 

identifying them from the beginning. It is important to consider the possible 

side effects of the entities that may affect the project. 

There are usually certain situations that have to be avoided because they 

result in new problems (side effects). These unexpected effects may affect 

the final solution. Considering and studying these effects is needed for a 
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good and effective performance of the solution. It is recommended to 

identify and relate them in the problem definition. 

After defining the system boundary, the context is documented in order to 

give a view of the proposed system in the context of a larger system. It can 

be performed in two different ways. It can be done using context matrices in 

a tabular form using organized data. The second option is more visual and is 

based on using context diagrams.  

The context is then studied and analysed by visiting the company, observing 

and collecting data about the process and listening for the customer’s needs 

and wishes. Irrelevant data must be ignored. 

2.4.2 Second step: Product objectives and requirements 

Define the functional requirements:  

These requirements are the source to reach each of the final objectives of a 

Project. It is compulsory to follow them in order to fulfil the objectives in 

the correct way. It is important to know the differences between 

requirements and wishes. Wishes can be merely desirable, non-essential 

regarding the requirements that a final solution must meet. The way selected 

to collect data in order to perform this step is gathering use cases for the 

existing product and considering the aspects which are desired to be 

changed. 

When the problem is located and its definition settled, the next goal is to set 

the product objectives and requirements. This is achieved by measuring how 

the product will accomplish the objectives, quantifying how important the 

objectives are for customers and translating the customer objectives into 

detailed technical requirements. 

Primary and secondary use cases are considered in order to define the 

functional requirements. The former refers to the situations taking place 

every time the product is used whereas the latter refers to the unexpected 

effects of the product usage. 

Voice of customer (VoC): 

When assuming and defining the design problem it is very important, as the 

Japanese say, to “Listen to the voice of the customer.” In order to do this, 

firstly it is needed to determine who the customer is. Sometimes there is 

only one customer but the common situation is that there are several 

customers for the same product. Usually the most important customer for a 

product is the user, the consumer. This voice need to be heard to consider 

the product customer needs (Ullman, 1997).  
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Benchmarking: 

Comparing the product or service with the competence or with the company 

itself will provide useful information that could be used to improve the 

development and increase the efficiency. In order to perform this, a 

benchmarking process should be executed.  

This process not only compares companies in the same field, but also 

compares the studied company with all different types of companies because 

there is always something that can be learned and improved when looking 

from different perspectives. There are several types of benchmarking 

depending on the subject. In this project, three types of methods are going to 

be explained (Del Giorgo Solfa, 2012). 

The first type is the internal benchmarking. The method compares data from 

the same company itself or underlying companies. It can be also performed 

comparing data between different departments.  

The second type is called “competition oriented benchmarking” and focuses 

in comparing the studied company with other companies in the same field, 

with the same customers or/and the same market. It is usually more effective 

than the internal method, as it compares more variety. 

The third and last type is the “general benchmarking”, viewed from an 

external perspective as well as the second type. It is wider than the 

“competition oriented benchmarking”, as it compares companies of all types 

considering the functioning, manufacturing, marketing and administration of 

them. 

Kano diagram: 

An important aspect to be considered in a product is quality. In this project 

the Kano Model of Customer Satisfaction (See Figure 15) is going to be 

applied. According to this model, there are three different types of product 

quality that will help the customer to be satisfied: basic, performance and 

excitement quality (Ullman, 1997). 

Basic quality is the expected and assumed quality that the product is going 

to have. The only situation when this quality is going to be demanded by the 

customer is when it is missing. This quality is vital and without it the 

customer´s perception will be completely negative, as the product itself is 

not as it should be. An example can be a car without lights (Ullman, 1997). 

Performance quality is expressed as: the better the performance is, the better 

the product quality will be.  
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Excitement quality is the one that the customer does not expect or imagine 

the product has. It comes as a positive additional surprise. These 

requirements make the product more likely to be sold. 

 

Figure 15: The Kano diagram for customer satisfaction (Ullman, 1997) 

Quality Function Deployment, QFD: 

Manufactured products are produced in order to satisfy the needs of 

customers and the market. Thus, this production is adapted to the customer 

and market needs. It is vital to translate from the customer needs data to a 

more measurable and technical parameters in order to them in the 

performance of the process. (Afshari and Ting Li, 2012). This translation is 

performed by the QFD method. QFD was introduced in Japan by Dr- Yoji 

Akao in 1966. He stated that this method is ‘’a method to transform user 

demands into design quality, to deploy the functions forming quality, and to 

deploy methods for achieving the design quality into subsystems and 

component parts, and ultimately to specific elements of the manufacturing 

process.” (Crandall et al, 2015, p.87) 

This method is more beneficial for products with some age in the industry 

and therefore in need of development and changes and less useful for 

completely new products. 
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House of Quality, HOQ: 

The House of Quality (HOQ) is the most commonly used matrix in the QFD 

method. Products should be designed to reflect customers’ needs, desires 

and tastes. In this matrix there is a correlation between the WHATs (the 

defined customer's requirements) and the HOWs (the engineering 

characteristics) (Xie, 2003). This matrix also includes a benchmarking based 

on the competitor analysis, where it is possible to see the strengths and 

weaknesses of the company’s product compared to the competence 

(Johannesson et al., 2004).  HOQ translates the consumers’ needs into the 

design target of a new item. (Abdul Rahman et al., 2016). 

The HOQ comprises four interesting points: 

- Market survey, in order to find the customers’ needs, desires, 

tastes, demands and expectations. 

- Benchmarking, that shows the strengths and weaknesses compared 

to the competitor's product. 

- Identify its own priorities for development. 

- Translation of customer demands into quantitative specifications 

for production. 

A House of Quality looks like Figure 16: 

 

Figure 16: House of Quality (Xie, 2003) 
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Sometimes difficulties appear in the application of some parameters, like 

interpreting the customer voice (Carnevalli et al., 2008). Due to this, this 

method is more a support for documentation in the product development 

process than a rule to follow (Johannesson et al., 2004). 

It can be concluded that with the use of QFD, customer demands and wishes 

can be translated into a measurable and technical parameter in order to being 

able to use the data for the study. QFD is also documenting the process so it 

is possible to lead to the solution of product design. 

2.4.3 Third step: Concept generation 

Making some visual descriptions will simplify and precise the visualization 

of the idea. Drawing some sketches of the ideas, brainstorming sessions or 

diagrams will provide with the proper information to clarify the idea. 

Creativity and rationality perspectives must co-operate together in order to 

succeed. 

Functional decomposition: 

In this step, concepts must be generated according to the product function 

expected by the customer. The most important thing is to ensure the 

concepts will meet the functionality targets after being developed. 

In order to come up with these concepts, functions must be decomposed as 

separate subsystems so that the problem becomes more manageable 

(Ullman, 1997).  

According to the functional modelling technique, functions can be 

decomposed regarding flows of energy, material and information. First of 

all, the overall function must be identified, stated as a simple clause and 

written in a black box which represents the system. This box will accept 

some energy, material and information inputs and generate energy, material 

and information outputs. According to Eder and Hosnedl (2010), the inputs 

are transformed into the outputs by means of the operators, which are human 

and technical systems, information and management systems and the 

environment. This transformation will be enabled by the suitable 

technology. This process is shown in Figure 17. 
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Figure 17: Model of a transformation system (Hubka and Eder, 1996) 

Then, Ullman (1997) decompose the overall function in smaller 

subfunctions which will follow the structure verb-noun-modifier. Therefore, 

solutions search can be guided so that the function is ensured. The use of 

subfunctions also helps understanding the problem and realizing that 

components that already exist can perform some functionality. 

Each subfunction will consist of a box, an action verb, an object of the 

action, flows of materials, energy and information and sometimes a modifier 

giving details. Each one could be presented as a block diagram or text on 

self-stick removable notes. 

Once subfunctions have been found, they must be placed in order. Order in 

the subfunctions can be achieved by putting the flows in logical or temporal 

order. It is also important to identify repeated functions that are written in 

different ways and combine them. Besides, only functions within the 

boundary must be considered. 

Finally, sub functions are decomposed until the resultant function is very 

small or until new objects are required to continue the decomposition. 

After functions are clarified, concepts can be generated by the 

morphological technique (Jackson, 2010). During a first stage a large 

amount of concepts would be found from functions. Each function should 

lead to more than one concept. In a later stage these concepts would be 

combined into overall concepts. 
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Methods to discover concepts: 

One of the methods to discover concepts explained in Mechanical design 

process by David G. Ullman (1997) is to look for ideas through 

brainstorming. In this method, every member of the group says ideas that 

must be written down without being criticized. It is important to say as many 

ideas as possible, including the silliest ones because sometimes they can 

result in useful ideas. These ideas should be focused on a function of the 

product. 

Finally, Ullman also consider looking for existing products and concepts as 

a way to discover new concepts. New ideas can come from modifying the 

geometry, the energy-flow (path or form of energy) or the materials in 

existing concepts or products. 

Generating overall concept structure: 

One method to organize the concept fragments obtained previously is the 

classification tree, where solutions are divided in independent categories 

(Ullman, 1997). This method allows identifying independent approaches to 

the problem, which will be represented by a branch. It also allows refining 

the process for some branches and pruning other branches. Besides, it helps 

finding gaps in concept fragments. 

The classification tree provides a visual perspective to the combination of 

the concept fragments. Therefore, this technique will be applied in this 

project. 

Once concepts have been discovered, they are combined in a morphological 

chart, where they are organized by function (Alemam, 2014). All concept 

fragments related to one function are written in a row. Then, they are 

connected to form overall concepts. This is done by choosing one concept 

fragment for each function and combining them. Engineers should judge to 

select the most promising concept combinations.  

This method allows meeting all the functional requirements and each 

solution must result in a different approach to the problem (Ullman, 1997). 

This format helps realizing some combinations do not make sense and thus, 

they will have to be erased. The chart also enables the designer to detect new 

possible combinations. This is an iterative process. Figure 18 shows an 

example of a morphological chart. 
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Figure 18: Morphological chart 

Concept presentation: 

The combined concepts are the different design options and they can be 

represented in the form of sketches, flow diagrams, prototypes or text 

(Ullman, 1997). 

There are some documents that must be created in order to reflect the 

generated concepts, such as flow diagrams, prototypes, concept sketches or 

text. Results of literature and patent search will need to be documented as 

well. 

List of subsystems: 

Once new concepts have been discovered and presented, a list of subsystems 

should be created. 

Jackson (2010) defines the subsystems as groups of elements with a clearly 

recognizable function of its own. 
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Jackson (2010) states that only after coming up with different integrated 

concepts for the product, subsystems can be identified. When discovering 

concepts, several components appear such as springs or pins. All of these 

details are organized in abstract categories following a process in which 

functions and components are written in affinity groups. Then, these groups 

are named after their functionality. As a result, subsystems are identified. 

2.4.4 Fourth step: Studying and comparing the concepts 

After discovering the concepts in the design process, the concepts are 

studied and compared. The objective of this step is to select a concept by 

using the Pugh Matrix.  

There are different ways to complete this step, the researchers decided to use 

Getting design right (Peter L. Jackson, 2010) to select the most suitable 

alternative. According to The Mechanical design process by David G. 

Ullman (1997), Pugh's method is the most recommended decision matrix to 

compare alternatives.   

Creating attribute names  

In order to create the Pugh Matrix, attribute names must be used. According 

to Getting design right (Peter L. Jackson 2010), all the needed and unneeded 

attributes will be listed into two different tables, these are the customer 

product objectives that were found earlier in step two after implementing the 

house of quality. The attributes will be listed flowing their goals and all the 

irrelevant objectives will be removed. 

Use of Pugh Matrixes 

To proceed with the design process, the designer needs to make a decision to 

get further. These decisions are usually hard because a lot of factors and 

steps are involved. In this part the design that will be continued to be 

developed will be chosen through a series of comparisons. To select the best 

concept there are different types of techniques. According to Getting design 

right (Peter L. Jackson, 2010), it is recommended that the designer use the 

Pugh-method. 

There are several steps in the Pugh-method: 

-   Identify alternative design concepts and relevant attributes: 

The identification of alternative design options is already done in the third 

step (concept generation) of this research. To identify the relevant attributes, 

these are the customer product objectives that were found earlier. Here all 

objectives should be listed to measure the integrated design. 

-  Perform an initial screening of the alternatives: 



 

 24 

 

Alejandro Robles, Cristina Valdivielso & Mustafa Al-Shamary 

 

The designer will study all the concepts to see if some of them should be 

eliminated before the real main process starts. This step is created to make it 

easier later in the process. To check if a concept will be eliminated a 

reference concept should be chosen by the designer. This concept is 

preferably taken from one of the top contenders.  

-  Rate the alternatives in each attribute: 

Now it is time to rank all alternatives briefly to find out which concepts are 

the serious candidates. All alternatives will be put into the columns in a 

diagram where one will be put as a reference concept; it should be a concept 

which is likely to be a serious candidate. This is the concept all the others 

will be compared to. If one concept is better than the reference concept a 

plus (+) will be put in the box and a minus (-) if it is worse. The reference 

concept will have zero (0) in all boxes if the compared concepts are similar. 

When all attributes have been ranked it is time to see how much the total 

score is for each concept. If the reference concept is exceeded, a new 

reference concept should be chosen.  

- Weight the attributes: 

Earlier in ‘’Product objectives and requirements’’ the attributes was 

weighted. In this step the most serious candidates will be found by putting 

the attributes in a diagram. It is not necessary that the sum are 100, all the 

numbers will be a percentage. The most important attributes will have the 

highest percentage. 

- Score and rank the alternative: 

To select a concept, the weight will be added into the matrix. A number will 

be found by multiplying the weight by the rate chosen by the designer. This 

is the total score for each of the concepts. The one with the highest score 

will be developed.  

-   Select an alternative: 

This step will consider optimizing continuous design parameters subjected 

to design and engineering constraints. It can be done by doing a new house 

of quality, called linked house of quality.   

2.4.5 Five step: Developing the selected concept to a final product 

After the final alternative is selected, the next step is defining and specifying 

the properties of the chosen design. In this step, the concept is not developed 

in detail yet but dimensions of the components are specified. 
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Ullman (1997) recommends assemblies and components to be designed in a 

way that a change in one dimension does not affect more than one function. 

Also, separate components should be designed so that the product does not 

become too complex with components performing several functions but 

depending on the rest of them. 

Safety 

Safety must be considered in the design of the product to convert the product 

into a truly safe item. According to David G. Ullman (1997), design for 

safety will prevent the product from causing any kind of injury. Two points 

must be considered when designing a safe product. The first consideration is 

who or what must be protected from injuries during the manufacturing or 

use of the product. The second one is how the protection is going to be 

implemented in the product.  

The main safety consideration is usually the protection from injuries caused 

by the product. However, the design in product safety will go further and 

will include concern for the loss of other property affected by the product 

and the product impact on the environment in case of failure (Ullman, 1997). 

Ignoring the product safety may carry really dangerous and disastrous 

situations as a result.  

According to David G. Ullman (1997), there are three ways to institute 

product safety. The first way is to design for safety directly into the product 

itself. This will prevent from danger during the manipulation of the product 

or in case the product fails. The second way appears when the inherent 

safety is not possible to execute (the first way). This way is based on adding 

or attaching safety devices to the product. An example of this is the design 

that some lighters or knives have for children security reasons. The third 

possible way is giving an advice or warning about the use of a product, such 

as labels, intermittent lights or sounds.  

In order to design a safe product, three different perspectives will be viewed 

and taken into consideration (see Figure 19). 
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Figure 19: Safety 
 

Ergonomics  

Ergonomics will focus on studying what kind of user behaviour a design 

provokes when using the designed product, in order to consider and  

improve (if necessary) the shape of the design. 

A small simulation of the use of the product can be done with a model based 

on a user. This represents in a small scale how the product will be used in 

the real life, in the specific atmosphere where the product is intended to be 

used. This user has the ergonomically relevant features of a specific 

population.  (Roozenburg and Eekels, 1995). 

Smooth and efficient shapes that enable the user to reach all the components 

during the cleaning, are going to be proposed.  

2.4.6 Sixth step: Validating the final design 

Once the selected concept has been developed and a final design has been 

obtained, a prototype must be built in order to verify the working of the 

components or to communicate the developed concept. This will give more 

information about the final design considering its appearance, parts and 

properties. 

Validating the design also involves analysing its strengths, weaknesses, 

opportunities and threats. With this purpose a SWOT analysis will be 

conducted. 

SAFETY DESIGN 

ATTACHABLE WARNING DEVICES INTO THE CONCEPT 

ATTACHABLE SAFETY DEVICES INTO THE CONCEPT 

IN THE FORM OF THE CONCEPT ITSELF 
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Prototypes 

Ulrich and Eppinger (2008) introduce different prototype uses in Product 

Design and Development. According to them, the use of prototypes in 

product design can help to communicate the idea of the product. They are 

also useful to ensure the correct working of the components and subsystems 

together. Another purpose of using prototypes is to learn if the product will 

work and if it will satisfy the customer needs. Finally, they help to verify if 

the product goals have been achieved from a functionalist perspective. 

Two main kinds of prototypes are used: physical and analytical prototypes. 

The former are best for communication, whereas the latter are best to ensure 

that the design works correctly and verify it.  

In order to make decisions about prototypes, some principles can be taken 

into account. First of all, it is important to be aware that analytical 

prototypes are more flexible than physical ones. Besides, iterations with a 

high cost could be avoided by using prototypes.  

During the last years, creating prototypes has become easier regarding cost 

and time. The reason for it is the emergence of 3D CAD modeling and free-

form technologies. 

Ulrich and Eppinger (2008) provide a four-step method for planning a 

prototype. Firstly, the prototype goal must be clarified. Then, it is important 

to decide the approximation level between the prototype and the product.  

Once these principles are clear, an experimental plan is described. In the 

end, a schedule regarding acquisition, construction and testing of the 

prototype must be established. 

SWOT Analysis:  

Keřkovský explains the characteristics of a SWOT analysis in the following 

way: “SWOT analysis is a valuable source of information when formulating 

strategy. The thing is that the basic logic of a strategy proposal is based on 

its very nature.” (Vaněk et al., 2012, p.24) 

In order to show the positive and negative aspects of the final design in a 

graphic and qualitative way, the SWOT analysis model (shown in Figure 20) 

is going to be used. This analysis shows the Strengths, Weaknesses, 

Opportunities and Threats of a design regarding the product and the 

environment. The strengths clarify the positive aspects and advantages that 

the product and the company have over other products or companies. The 

weaknesses show the disadvantages of the design or the company to similar 

existing products or competitors. The opportunities clarify how external 

factors can provide the product and the market with positive and improved 

things, while the threats clarify how these external factors can affect the 

product in a negative way (Ommani, 2011). 
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Figure 20: SWOT analysis 
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3. Research methodology 

In this section, the approach and methods applied in this report are 

explained. 

3.1 Scientific view: Positivism / Hermeneutics 

Positivism refers to the scientific view that determines the effect of a cause 

basing on measurements and observations of phenomena. Data are collected 

and analysed in order to establish a certain outset (Bryman, 2016). On the 

other hand, hermeneutics involves interpretation of the available information 

and the perception of phenomena.  

Figure 21 shows both views. 

 

Figure 21: Scientific view 

In this study, new concepts for a design are sought on the basis of 

information about the customer comments and preferences. This information 

is interpreted through the design process. The theory is also interpreted to 

carry out the application. Regarding this part of the project, the view is 

hermeneutic. Later, in order to develop the architecture of the selected 

design and validate it, a 3D model is implemented. Through a model with 

realistic dimensions, the correct operation of the concept will be proved. 

This last part of the project has a positivistic view. 

3.2 Scientific approach: Deduction/ Induction/ Abduction 

Different scientific approaches can be carried out. One of them is to study 

general aspects firstly and then move to more specific aspects and details. 

This is known as deduction or top-down approach (see Figure 22.a). On the 

other hand, induction or bottom-up approach involves formulating a general 

theory from specific data (see Figure 22.b). The combination of both 

approaches results in abduction. (Bryman, 2016) 

In this study, the design theory has a deductive approach. A general problem 

is posed and then it is decomposed in smaller issues that will provide the 

requirements for the new concept. New concepts are suggested and observed 
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as a result. The best concept is developed and validated through a 3D 

prototype. In the light of this, the approach of this project is deductive and it 

is shown in Figure 22.a. 

 

Figure 22.a: Deductive approach 

 

 
Figure 22.b: Inductive approach 

3.3 Research methods: Qualitative / Quantitative 

The researcher M. M. Andreasen (2011) defines a method as an instruction 

of how to do a specific task. According to him, a method is the result of 

negotiations, interpretations and evaluations. 

Two different types of methods are distinguished: qualitative and 

quantitative. The former refers to methods used to interpret individuals’ 

perceptions where words are the instrument. Interviews and verbal 

allegations might be conducted to infer theories. The latter refers to methods 

with specific variables, measurements and delimitations.  The researcher 

describes and proves relations objectively and a general theory is formulated 

as a result. Experiments, tests, surveys or questionnaires might be conducted 

with this purpose (Bryman, 2016). 

In this report, both methods have been used. In the application part, 

customer comments are collected in a personal interview and give a view of 

the opinions and experiences of the customer. Regarding this part of the 

project, the method used is qualitative. However, a survey with 

predetermined answers has also been conducted to rank the preferences of 

the customer. From this point of view, the method is quantitative. 
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3.4 Research strategy: Survey / Case study / Experiment 

Three different strategies are typically applied: surveys, case studies and 

experiments. Surveys collect information through interviews and 

questionnaires among other methods but they are not usually proving any 

cause. This information is examined to detect patterns (Bryman, 2016). 

Another strategy is the case study, which examines one case in detail. Its 

shortcoming is that it presents difficulties to generalize the results (Bryman, 

2016). 

Finally, the strategy of the experiment is used to study the effect of a cause 

and with this aim, a control group is used to compare treated samples with it 

and infer the results. In this case, the studied sample must be representative 

of the general subject of study (Bryman, 2016). 

This report combines some of the mentioned strategies. In order to develop a 

new concept for the product, it is important to know what the customer 

wants. Customer preferences are ranked through a survey but there is also a 

case study when the best concept of the product is selected and developed. 

3.5 Data collection: Interview / Questionnaire / Observation / Document 

Before explaining the methods for data collection, two groups of data must 

be differed: primary and secondary data. The first group consists of data that 

are being collected for the first time, whereas the second group refers to data 

coming from previous researches (Kumar, 2005). 

Figure 23 shows the different methods to collect data. 

 

Figure 23: Methods to collect data 
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Regarding the different methods to collect primary data, interviews are 

conversations where some information is asked to the interviewee. They are 

commonly used to detect the customers’ needs when a product wants to be 

developed (Ulrich and Eppinger, 2008).  

Another primary data collection method is the questionnaire. The answers to 

list of written questions are recorded by the respondent and then, they are 

interpreted and written down. However, in the interview it is the interviewer 

who asks and records the questions (Kumar, 2005). 

The last method to collect primary data is observation about a phenomenon. 

It is a suitable method to study the behaviour of individuals or to receive 

objective information from individuals who are too involved in an 

interaction and cannot give objective information themselves (Kumar, 

2005). 

A method to collect secondary data is through personal, official or virtual 

documents among others. Information related to statistics or to different 

points of view on a particular event can be gathered. However, the collected 

information could be subjective and not valid nor reliable (Kumar, 2005). 

Both types of data have been collected in this report, since the literature 

review gathered to build the theory process includes scientific articles 

(primary data) and books (secondary data). The method used in this case is 

the document. 

Another method used in this report has already been mentioned. Interviews 

have been conducted when collecting the customer comments for this study. 

They are useful to know how the customer perceives the problem with the 

current product and what it should be improved in the new product. 

3.6 Validity and reliability 

Validity is tested by checking that the observation is correct and that the 

intended measurement is carried out. An observation will be invalid if the 

instrument used is broken or wrong calibrated or designed. Another 

possibility for invalidity is a wrong theory process that will result in a wrong 

design (Bryman, 2016). 

On the other hand, reliability involves being able to obtain the same results 

if the experiment is repeated (Bryman, 2016). 

In this project, validity is proved by collecting the customers’ comments in 

the form of interview and writing them down because it is aimed at 

identifying the customers’ needs and developing the requirements of a 

product. However, this method is not very reliable, because the interviewee 

can change his mind and provide different data if the interview is repeated. 
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On the contrary, the theory process is based on literature and has a high 

reliability. 

3.7 Source Criticism 

Source criticism is related to credibility. Not every source of information is 

valid when conducting research. Qualification, objectivity, authenticity and 

relevance of the source should be checked. Peer reviewed sources must be 

used to ensure that the information is accurate and reliable.   

In this report, only peer reviewed articles, thesis and books recommended by 

the project supervisor have been used. Some of them have been mentioned 

or followed during previous courses at the university. That is the case of the 

book “Getting design right”. 
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4. Application 

4.1. Define the problem 

The first step to follow in a design project is to define the problem. The 

company Norden Machinery showed the group how their actual folding 

station for metal tubes was working at the moment and outlined their 

problems with the mechanism.  

4.1.1 Background and current situation 

The scope of this project set in context with the environment, the market and 

the company was shown in section 2.2, in Figure 6. In this context, Norden 

Machinery needs to find out new concepts for a folding station of metal 

tubes so that their current problems with their actual station can be avoided.  

The metal tube gets into the folding station flattened and there it is folded. 

The existing folding station has two parts to hold the tube base (see parts 1 

and 2 in Figure 24) and they are placed one at each side of the tube. One of 

them has the shape of a wedge (see part 2 in Figure 24) and the tube is 

folded by pressing a roller (see part 4 in Figure 24) against that wedge when 

the flattened part of the tube is between the roller and the wedge. Then this 

wedge is removed and another part presses the partially folded tube until it is 

totally folded (see part 3 in Figure 24). Figure 24 shows a picture taken 

during a visit to the company. 

 

Figure 24: Folding station 
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The parts of the current folding station in Figure 24 are represented in the 

following sketches in Figures 24.a, 24.b, 24.c and 24.d. 

 
Figure 24.a: Part 1: Back part 

 

 
Figure 24.b: Part 2: Holding-down plate 
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Figure 24.c: Part 3: Door 

 

 
Figure 24.d: Part 4: Roller with folding plate 
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Figure 25: Current folding process in Norden Machinery 
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Figure 25 shows the current folding process taking place in the company. 

The previous description of the working of the station is one step of the 

process.  It can be seen in Figure 25 that it takes three steps to obtain the 

desired profile of the fold. In each step, the tube is in an upper position as it 

moves forward. 

The main problem the company has with this mechanism is that the cleaning 

is really difficult since there is not enough space between the parts and the 

cloth they use does not fit. Besides, sometimes the tube moves slightly up 

during the folding and it does not get into the following station in the right 

position.  

The dirt is due to stains caused by the filling product excess. The tube is 

flattened before being folded and at that moment, the filling product excess 

overflows the tube and produces stains. The product overflow is not detected 

at the same moment that it is taking place. The moment the company 

realizes there are product stains, is when the tubes are finished. In some 

cases, the tube is dirty and in other cases, the fold is not made correctly 

because the stains covering the tube make it slip and result in the lifting of 

the tube and its wrong position when getting into the following folding step. 

The station is cleaned on-site without being previously removed. In that 

position, the operator tries to reach every part stained with product. 

Regarding the worker's opinion, the current station is also hard to assemble 

and special tools are needed for this task. 

Another requirement for the station is that it should fit in the whole machine. 

Therefore, a maximum width of 80 mm is required. 

The company has provided the design team with the drawings of the folding 

station and a video showing its movement simulation with the purpose of the 

group’s understanding of the function and dimensions of the new concepts. 

For privacy reasons, these drawings are not shown in this paper. 

A catalogue showing the different profiles of folds that the company wants 

the tubes to have (See Figure 26) has also been provided. 

 

Figure 26: Standardized profiles for the folded tube (Catalogue Nordenmatic 1702) 
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Some other factors were inquired to the company, such as the maximum 

force of the flattening force. However, this force is applied by a cam, an arm 

and a link rod and the company does not have information on this value. 

Another factor considered relevant was the resistance of the critical 

components. However, the company works on a trial and error basis and no 

component failure has ever occurred and therefore, this value is also 

unknown. 

The following values in Table 2 were also inquired: 

Table 2: Technical values provided by the company 

Maximum folded profile thickness 2,5 mm 

Maximum folding time 0,3 s 

Folding speed 100 cycles/min 

Assembly time (including adjustment) 2 hours 

Attachment time 5 min 

Maximum adjustment time 30 min 

Maximum allowable noise 80 dB 

Weight of the folding station 10 – 15 kg 

Folding speed and folding time are related and therefore, only folding time 

will be considered. 

4.1.2 Define the problem and context 

The problem is stated in the introduction of this project. Besides, the 

company sells the machines to their worldwide customers, who give them 

some feedback without showing the problem to them.  

Regarding the context of the folding station, Figure 1 in the introduction of 

this project shows the whole machine where the folding station is located. It 

can be seen that the station is in section 2 of Figure 1. It is in a group of 

stations including the one flattening the tube before folding it and the one 

pressing the tube sealing it after it is folded. This group of stations is shown 

in Figure 27 and the position of the folding station inside this group is 

shown in Figure 28. 
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It can be seen in Figures 27 and 28 that there are three consecutive steps in 

the folding station and they are not at the same level. The last step is upper 

than the second one, which is also upper than the first one. 

 

Figure 27: Group of stations where the folding station belongs 

 

 

Figure 28: Position of the folding station in the group of stations 

The current context must be defined. In order to do it, the system boundaries 

need to be defined, the context should be documented and analysed, 

customer comments should be collected and objectives should be 

summarized. 
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Defining the system boundaries 

Internal and external entities are separated when the system boundaries are 

defined. 

The customer and the user are external entities as well as the tube being 

folded and the elements needed to fix the station into the whole machine. 

The internal entity that can be easily noticed is the mechanism consisting of 

all the parts needed to fold the tube. 

Studying the context 

A context diagram gives a quick view to the connection between the 

different entities and shows the system boundary. Figure 29 shows the 

context diagram for this project. It can be seen that there is no direct relation 

between the user and the filled tube because the user is only connected to the 

tube through the machine. Therefore, there is a relation between the user and 

the folding station and a relation between the folding station and the filled 

tube. 

 

Figure 29: Context diagram 

Table 3 shows the initial context matrix. The folding station is related with 

external entities such as the machine where it is located, the filled tube, the 

filling product, the company Norden Machinery and the user (Norden 

Machinery’s customer). These relations can be read in Table 3. 

It can be seen that the folding station is held by the machine, stained by the 

filling product, produced and assembled by the company and manipulated 

and cleaned by the user. The folding machine also folds the filled tube.  
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Table 3: Initial context matrix 

Is related to Machine Filled tube Folding station Filling product Company User 

Machine  Manipulates Includes and 

moves 

   

Filled tube Is manipulated 

by 

 Is folded by Is overflown by   

Folding station Is held by Folds  Is stained by Is produced 

and 

assembled by 

Is 

manipulated 

and cleaned 

by 

Filling product  Overflows Stains    

Company Produces and 

assembles 

 Produces and 

assembles 

  Produces for 

User Manipulates 

and cleans 

 Manipulates 

and cleans 

   

4.2. Product Objectives and Requirements 

In this step product objectives and functional requirements must be defined. 

Then, the former must be weighed. For this process, it will be necessary to 

build the Voice of Customer (VoC). Benchmarking, the House of Quality 

(HOQ) and Quality Function Deployment (QFD) are techniques used in this 

step. 

4.2.1 Define the functional requirements 

First of all, the roles in the project must be identified. There is a role play of 

owner, customer and user. In this case, the owners are the authors of the 

project (the design team), the customer is the company who asked the group 

to develop a new concept of the station (Norden Machinery), and the users 

are the companies that are going to use the new folding station to fold their 

metal tubes (Norden Machinery customers). 

Collecting use cases 

In order to define the functional requirements, use cases must be collected. 

The use cases are based on the context diagram shown in chapter 4.1.2 and 

refer to situations that are always taking place when using the product. The 

use cases are shown in Table 4.  
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Table 4: Use cases  

USE CASES 

Folding station is held by fixing system. 

Folding station folds tube.  

Folding station is produced and assembled by company (Norden).  

Folding station is manipulated and cleaned by user (Norden’s customer). 

Machine includes and moves folding station.  

Company produces folding station for user. 

Machine manipulates filled tube. 

User (Norden’s customer) manipulates and cleans machine. 

Company produces and assembles machine. 

Prioritizing use cases 

To find out the most important use cases in order to explain them deeper in 

Appendix 3, a priority for the use cases was assigned (see Table 5). None of 

the use cases were considered as low priority. 

Table 5: Priority of the use cases  

Folding station is held by machine High 

Folding station folds tube High 

Folding station is produced and assembled by company 

(Norden) 
High 

Folding station is manipulated and cleaned by user 

(Norden’s customer) 
High 

Machine includes and moves folding station Medium 

Company produces folding station for user Medium 

Machine manipulates filled tube High 

User (Norden’s customer) manipulates and cleans machine Medium 

Company produces and assembles machine Medium 

Folding station is held by machine: it means that the folding station will be 

attached to the machine by the producer and after that the station will be 
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fixed inside the machine, with possibility to remove it again from the 

machine or adjust it.  

Machine includes and moves folding station: this means that the station is a 

part of the machine and it is moved by the camshafts of the machine. In this 

case, the company does not want the group to focus on the camshafts and 

therefore, the assigned priority for this case has been selected as medium. 

Although it is important that the company produces the folding station for 

the user and the user should be satisfied with every aspect of the product, the 

group will focus on the company needs and have selected medium priority 

for this use case.  

In Table 5, two more use cases with medium priority are shown: user 

manipulates and cleans machine and company produces and assembles 

machine. Since there are another two similar use cases which refers directly 

to the folding station instead of the machine, the group will focus on these 

cases instead. 

Describing use case behaviours  

After defining the primary use cases which are always taking place, their 

behaviour needs to be described. In order to do this, it is necessary to know 

the relations between the different entities in the system considering the 

internal entities in the folding station too. The internal entities in the system 

are the holder, the folder and the pressing system.  

These relations are shown in Table 6. Some of them are already explained in 

Table 3 and the ones considering the internal entities are highlighted in 

green. It can be read that the folding station contains a holder, a folder and a 

pressing system. The holder is connected with the folder and both of them 

could act as the pressing system.  
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Table 6: Extended context diagram  

Is related 

to  

Machine Folding 

station 

Holder Folder Pressing 

system  

Filled 

tube 

Company User Next 

Station 

Machine  Includes 

and moves 

Contains Contains Contains Manipu

lates 

Is produced 

and 

assembled 
by 

Is 

manipulated 

and cleaned 
by  

Includes 

and moves 

Folding 

station 

Is held by  Contains Contains Contains Folds Is produced 
and 

assembled 

by 

Is 
manipulated 

and cleaned 

by 

Is before 

Holder Is contained 

in 

Is contained 

in  

 Is 

connected 

with 

Could act as Holds Is produced 

by 

Is used by  

Folder Is contained 

in 

Is contained 

in 

Is 

connected 
with 

 Could act as Folds Is produced 

by 

Is used by  

Pressing 

system  

Is contained 
in 

Is contained 
in 

Could act 
as  

Could act 
as  

 Presses Is produced 
by 

Is used by  

Filled 

tube 

Is 

manipulated 
by 

Is folded by Is held by Is folded 

by 

Is pressed 

by 

   Is closed by 

Company Produces 
and 

assembles 

Produces 
and 

assembles 

Produces Produces Produces   Produces 
for 

Produces 
and 

assembles 

User Manipulates 

and cleans 

Manipulates 

and cleans 

Uses Uses Uses  Buys 

product 

from 

 Manipulates 

and clean 

Next 

station 

Is contained 
in 

Is next to    Closes Is produced 
and 

assembled 

by  

Is 
manipulated 

and cleaned 

by 

 

Summarizing functional requirements from use case behaviours 

The company has two requirements. The first one is that the station should 

be adjustable so that it is able to work with tubes of different thicknesses and 
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the other one is that the station should press with parallel tools so that it 

folds the tube accurately. These are O.R.1 and O.R.2 in Table 7.  

Table 7: Originating requirements 

Index Originating Requirements Abstract Function Name 

O.R. 1 The system shall adjust the parts for different tube sizes Adjustable 

O.R. 2 The system shall have parallel tools Accurate 

O.R. 3 The system shall be possible to be produced, be assembled and 

disassembled 

Produce, assemble and 

disassemble  

O.R. 4 The system shall be possible to be attached in the machine Attach 

O.R. 5 The system shall be a separate module from the machine Module 

O.R. 6 The system shall work without collapsing  Not-Collapse 

O.R. 7 The system shall move in a synchronized way Synchronize 

O.R. 8 The system shall be durable Lifetime 

O.R. 9 The system works with an adjustable speed Production speed 

O.R. 10 The system shall secure all its pieces  Robust and safe 

O.R. 11 The system shall be easy to manipulate User-Friendly 

O.R. 12 The system shall manipulate the tube without damaging it Manipulation 

O.R. 13 The system shall have enough space Reachable 

O.R. 14 The system shall allow to be light enough to carry it  Weight 

O.R. 15 The system shall start or stop if needed Control 

O.R. 16 The system shall allow to be silent enough for human health Noise 

O.R. 17 The system shall resist against dirt Surface 

O.R. 18 The system shall prepare the tube for the next station Preparation 

The rest of the functional requirements shown in Table 7 have been obtained 

in order to ensure the operation of the station described in the use cases 

behaviours in Appendix 3. Here, the situations happening every time that the 

use cases with high priority are taking place have been taken into account. 

These situations or primary use cases are: user manipulates folding station, 

folding station folds tube, user cleans folding station, machine manipulates 

filled tube, company assembles and adjusts folding station, folding station 

lifts tube and folding station prepares tube for the next station. 

The column in the right assigns a name to the function or requirement. 
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Secondary Use Cases:  

These use cases show what could go wrong manipulating the system and 

they are not happening every time the system is used. Secondary use cases 

are shown in Appendix 4. 

Finalizing requirements 

After analysing all the use cases, the primary and secondary ones, an 

identification of what should be required for this station has been done in 

Table 8. The last requirement (Detection security) has been added after 

considering the secondary use cases.  

Table 8: Finalizing requirements  

Index Originating Requirements Abstract Function Name 

O.R. 1 The system shall adjust the parts for different tube sizes Adjustable 

O.R. 2 The system shall have parallel tools Accurate 

O.R. 3 The system shall be possible to be produced, be assembled and 

disassembled 

Produce, assemble and 

disassemble  

O.R. 4 The system shall be possible to be attached in the machine Attach 

O.R. 5 The system shall be a separate module from the machine Module 

O.R. 6 The system shall work without collapsing  Not-Collapse 

O.R. 7 The system shall move in a synchronized way Synchronize 

O.R. 8 The system shall be durable Lifetime 

O.R. 9 The system works with an adjustable speed Production speed 

O.R. 10 The system shall secure all its pieces  Robust and safe 

O.R. 11 The system shall be easy to manipulate User-Friendly 

O.R. 12 The system shall manipulate the tube without damaging it Manipulation 

O.R. 13 The system shall have enough space Reachable 

O.R. 14 The system shall allow to be light enough to carry it  Weight 

O.R. 15 The system shall start or stop if needed Control 

O.R. 16 The system shall allow to be silent enough for human health Noise 

O.R. 17 The system shall resist against dirt Surface 

O.R. 18 The system shall prepare the tube for the next station Preparation 

O.R. 19 The system shall detect human errors and stop Detection security 
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4.2.2 Product objectives 

The product objectives will be defined and weighed. In order to achieve this, 

the customer comments and the preferences of the company are needed. 

Customer comments 

During the first visit to the company, the group collected some comments 

related to the problem they have with the existing station: 

- There is not enough space to clean the station with a cloth. 

- We want the station to be cleaned using a cloth. 

- Sometimes the tube is lifted while being folded and it does not 

enter the following station in the right position. 

- The lifting of the tube does not happen all the time and we do not 

know why it is happening. 

- Maybe the tube is lifted because of the way it is held or because the 

filling product has overflowed and the tube is slippery. 

- The station should be easy to adjust so that tubes of different sizes 

can be folded. 

- Tools should be parallel so that the station is accurate. 

Summarizing the project objectives 

The customer comments are now classified and put into affinity groups. 

Four different groups can be distinguished as shown in Table 9: 

Table 9: Customer comments in affinity groups 

CLEANING LIFTING ACCURACY ADJUSTMENT 

There is not enough 

space to clean the 

station with a cloth. 

Sometimes the tube is lifted 

while being folded and it 

does not enter the 

following station in the 

right position. 

Tools should be parallel so 

that the station is accurate. 

The station should 

be easy to adjust so 

that tubes of 

different sizes can be 

folded. 

We want the station to 

be cleaned using a 

cloth. 

The lifting of the tube does 

not happen all the time and 

we do not know why it is 

happening. 

  

 Maybe the tube is lifted 

because of the way it is 

held or because the filling 

product has overflowed and 

the tube is slippery. 

  

The customer comments need to be reformulated so that they have the same 

meaning but they become easier to develop.  
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Apart from cleaning, lifting and material, nothing is said about other 

objectives like safety and ergonomics during the cleaning or the usage, 

quality, life cycle cost, amount of workers needed, assembly, folding time 

and maintenance. In order to know the preferences of the company, the 

group asked them to rank all the previous aspects. Numbers from 1 to 8 are 

given to the following aspects, where 1 means less important and 8 most 

important. They are shown in Table 10. 

Table 10: Ranking of product objectives 

IMPORTANCE ASPECT 

8 Safety 

7 Folding time 

6 Quality 

5 Ergonomics 

4 Assembly friendly 

3 Maintenance 

2 Life Cycle Cost 

1 Amount of workers 

From the company point of view, maintenance, life cycle cost and the 

amount of workers are not matters of neither high nor medium priority; 

therefore, they will not be considered in this project.  

Table 11 shows the elaborated customer comments that have been obtained 

from the product objectives and the comments classification. 
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Table 11: Elaborated customer comments 

Elaborated customer comments 

Make the station safe 

Consider the folding time 

Make a good quality station 

Make an ergonomical station 

Make the station assembly-friendly 

The station must not lift the tubes 

Make the station spacious enough for the cleaning 

Make the station easy to adjust 

Make the station accurate 

4.2.3 Voice of Customer 

Once the product objectives have been written, the Voice of Customer is 

built in Table 12. The left column in the table corresponds to the elaborated 

customer comments shown in Table 11. In the column in the right, 

suggestions on how to achieve the objectives reflected in the elaborated 

customer comments are made.  

Some of the customer requirements will be to avoid sharp edges and human 

operation and to fix the parts in order to guarantee safety. Weight, noise and 

the adoption of a natural body posture when cleaning will also be taken into 

account in order to obtain an ergonomic product. The station should be 

robust, have a long life and should not damage the tubes in order to be of 

good quality. The parts design should be simple so that the product is 

assembly-friendly. The station should be a separate module and every part 

should be reachable with a cloth so that the station is spacious enough to be 

cleaned with a cloth. Another considerations regarding adjustment, accurate 

operation, tube lifting and folding time are shown in Table 12. 
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Table 12: Voice of Customer, VoC 

Make the station safe Sharp edges should be avoided in the design. 

The parts should be fixed so that they do not come 

off when the station is running. 

No human operation must be needed when the 

station is running. 

Consider the folding time The maximum folding time should be the current 

folding time. 

Make a good quality station The life length should be long. 

The station should be robust. 

The station must not damage the tube. 

Make an ergonomical station The station should not be noisier than 80 dB. 

The station should not be heavy to carry. 

Workers should reach every part of the station 

adopting a natural position. 

Make the station assembly 

friendly 

The parts of the station have to have a simple design. 

The station must not lift the 

tubes 

The excess of filling product must be cleaned or 

avoided before the tubes enter the folding station. 

Make the station spacious 

enough for the cleaning 

Parts should be reachable with a cloth. 

The station should be a separate module. 

Make the station easy to 

adjust 

Some play must be allowed to manipulate different 

tubes. 

Make the station accurate The tools shall be pressing parallely. 

Tool movements must be synchronized. 

There should be no interference between the parts 

during the movement. 
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4.2.4 Benchmarking 

Some benchmarking is performed in Norden Machinery. Although they 

have been using the three most important types of benchmarking, explained 

in the theory chapter, nowadays they are mainly using the competition 

oriented benchmarking. 

For the folding station, Norden uses vertical tools that work above the 

product. This station is different from the one created in another well-known 

company, where they implement their folding tools in a horizontal way 

instead of working above the product. These different ways have their 

advantages and disadvantages. Although the horizontal process works 

without having any tool above the product in order to keep it completely 

pure, Norden chose the vertical configuration because it is more efficient 

when folding (regarding production speed and quality terms).  However, no 

documented data are available since the company is not interested in 

copying their competitors and only gets some information intermittently. 

The process regarding the configuration of the tools is represented in Figure 

30. 

 

Figure 30: Benchmarking 
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4.2.5 Kano Model and Quality Function Deployment 

Quality is one of the objectives ranked by the company and according to the 

Kano Model there are three different types of quality. 

Basic Quality: it consists of all the expected values for the technical 

requirements to fold the tube (in HOQ). 

Performance Quality: values for the requirements in order to reach the goal 

and being at least in the same level as the existing design. 

Excitement Quality: the concepts that are viewed outside the box, different 

ways of folding the tube completely different from the existent one, such as 

the vacuum, the rotate folding or the mold folding. 

In this design it is intended not to forget about the basic quality, to reach the 

performance quality and to take into consideration the completely new and 

different ideas for other probable projects in the future in other situations. 

The translation from the customer needs data to a measurable and technical 

data is performed through the quality function deployment. 

Weighting the objectives 

First of all, it is important to know the most important objectives and their 

importance. Table 13 shows the assignment of the weights for each of the 

objectives that were considered relevant for the process.  

These objectives were considered according to the customer comments and 

were divided into more specific objectives in order to weight them.  

The weighting of these objectives was performed taking into consideration 

the information given by the ranking of objectives that was provided by the 

company.  
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Table 13: Weight of the objectives 

1 Safety Station Competitive Station Station easy to produce 
Station easy to 

clean 

Human Factor 

Station 

 0.20 0.50 0.15 0.05 0.10 

2 
Make the station 

safe 

Competitive folding 

time 
Quality 

Station must not lift 

the tubes 

Station 

accurate 

Station Assembly-

friendly 

Station easy to 

adjust 
Station spacious Ergonomics 

3 1         

4  0.40 0.30 0.20 0.10     

5      0.66 0.33   

6        1  

7         1 

Formula =1*0.2 =0.40*0.5 =0.30*0.5 =0.20*0.5 =0.10*0.50 =0.66*0.15 =0.33*0.15 =1*0.05 =1*0.1 

Rounded 

result 
0.20 0.20 0.15 0.10 0.05 0.10 0.05 0.05 0.10 
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Ranking the objectives 

Once all the objectives are weighted, a ranking is performed in order to show the 

preferences in the objectives. Table 14 shows the ranking: 

Table 14: Ranking of the product objectives 

Product Objective Relative Priority Rank 

Make the station safe 0.20 1 

Competitive folding time 0.20 2 

Quality 0.15 3 

Station must not lift the tubes 0.10 4 

Station Assembly-Friendly 0.10 5 

Ergonomics 0.10 6 

Station accurate 0.05 7 

Station easy to adjust 0.05 8 

Station spacious 0.05 9 

TOTAL 1.00  

4.2.6 House of Quality: 

After QFD has been implemented, the House of Quality is built and shown in 

Appendix 5. 

Technical requirements for measuring the performance 

System level requirements are collected and discussed. Technical requirements are 

taken from the engineering characteristics of the HOQ.  

Some information about the maximum length of the steps and the station, folding 

angle, folded tube thickness, folding time, number of folding steps, time for 

assembly, attachment and adjustment, weight and noise is missing in the 

requirements, but it is considered important for the design of the product. Table 15 

shows all of these technical requirements. 
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Table 15: Technical requirements 

Index Technical Requirements Requirement Name 

O.R. 20 The maximum length of each step inside the station should be 80 

mm.   

Maximum step length 

O.R. 21 The maximum length of the folding station should be 240 mm.   Maximum station length 

O.R. 22 The maximum angle for folding should be 102 º (see Figure 42). Maximum folding angle 

O.R. 23 The maximum thickness of the folded tube should be 2.5 mm.   Maximum folded tube 

thickness 

O.R. 24 The maximum folding time should be 0.3 seconds (100 

cycles/minute).   

Maximum folding time 

O.R. 25 The number of folding steps should be optimum.  Maximum folding steps 

O.R. 26 The time for assembling should be 90 minutes. Assembling time 

O.R. 27 The time for attaching the station into the machine should be 5 

minutes.  

Attaching time 

O.R. 28 The time for adjusting the station should be 30 minutes. Adjusting time  

O.R. 29 The maximum weight of each folding step should be 15 kilograms. Weight 

O.R. 30 The maximum noise in the folding step should not be over 80 dB. Noise 

According to the current operating conditions of the machine, some requirements 

have been created so that the new concepts do not result in a worse or even 

impossible performance.  

Technical requirements could also include the maximum force that would break the 

critical components. However, the company does not consider it relevant because 

they work on a trial-and-error basis and none of the components have ever broken. 

4.3. Concept Generation 

Once the product objectives and requirements have been defined, new concepts 

meeting these requirements can be generated. The main design problem will be 

decomposed in smaller problems or functions and different concept fragments will 

be suggested in order to perform each function. Concept fragments will be 

combined then and will lead to overall concepts. 
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4.3.1 Functional Decomposition 

From the originating requirements generated for the primary use cases, the team has 

selected the ones related to the main design problem in order to decompose the 

functions. 

The main problem in the current folding station is that there is not enough space to 

clean it with a cloth. However, the company has another two requirements for the 

new concepts: the station must be adjustable in order to work with different tube 

thicknesses and tools must be used parallely so that the fold is accurate. Assembly 

and disassembly is also a problem for workers and it should be tackled. All of these 

aspects have been considered in Table 16. 

Table 16: Originating Requirements related to the main design problem 

Index Originating Requirements Abstract Function Name 

O.R. 1 The system shall adjust the parts for different tube 

sizes 

Adjustable 

O.R. 2 The system shall have parallel tools Accurate 

O.R. 3 The system shall be possible to be produced, be 

assembled and disassembled 

Produce, assemble and disassemble  

O.R. 13 The system shall have enough space Reachable 

O.R. 17 The system shall resist against dirt Surface 

O.R. 18 The system shall prepare the tube for the next 

station 

Preparation 

If new concepts are to be seeked, the behaviour of the use cases should be described 

generally so that there are no restrictions to be creative. It is important not to use 

any name of components because they could be replaced by different components 

performing the same function. In the light of this, use cases 2, 4, 5, 6 and 7 have 

been selected: 

Use Case 2. User cleans folding station. Folding station folds tube.  

Use Case 4. Company assembles folding station. 

Use Case 5. Company adjusts folding station.  

Use Case 6. User cleans folding station. Folding station lifts tube. 

Use Case 7. Folding station prepares tube for the next station. 

The system flow diagram can be built from the information above. In the diagrams, 

M, I and E stand for material, information and energy, which are the inputs and 

outputs of the system. The words “human operator” indicate that the operand 
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transforming the system is human (worker). The system flow diagrams in Appendix 

3 represent the transformation system. 

4.3.2 Methods to discover concepts: Documented Brainstorming session 

For the session, ideas came up and were divided into different main groups. The 

brainstorming contains all the ideas and can be seen in Appendix 6. 

4.3.3 Generating Concept Fragments 

In order to combine the concept fragments, two methods are going to be used: a 

classification tree and a morphological chart. 

A classification tree is built in Tables 17, 18, 19, 20, 21, 22 and 23. It is divided by 

function generating those seven tables in order to clarify the tree. Considering the 

ideas gathered in the brainstorming session, a table dividing the different ideas into 

larger groups was made for each function. The irrelevant categories were excluded.   

 

Table 17: Classification tree for the function: Get Energy 
Get Energy Earth Gravity  

 Human Human power  

 Electrical Net connection  

  Battery  

  Sustainable Solar 

   Wind 

   Water 

   Biomass  

  

Table 18: Classification tree for the function: Store Energy 
Store Energy  Electrical Magnetic field  

 Mechanical Friction Rubber  

   Plastic 

   Steel 

  Spring  

  Rails  

 

Table 19: Classification tree for the function: Start and Stop 
Start and Stop Electrical Sensors  

  Switches   

  Alarms  

 Mechanical Buttons   
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  Table 20: Classification tree for the function: Enable Assembly 

Enable 

assembly 

Mechanical  Screws  

  Plates  

  Tubes   

  Friction  

  Springs  

  Molds  

  Ball joints  

  Bearings  

 Chemical Welding  

  Glue  

 
Table 21: Classification tree for the function: Enable Folding Tube 

Enable folding 

tube 

Mechanical Plates  

  Tubes  

  Rollers  

  Springs  

  Endless screws  

  Friction  

  Pressure air  

  Pneumatic 

suspension 

 

  Vacuumed air  

  Rotation  

  Molds  

 
Table 22: Classification tree for the function: Enable Closing Tube 

Enable closing 

tube 

Mechanical Pressure force  

  Zip  

 Chemical Welding  

  Glue  

 
Table 23: Classification tree for the function: Enable Cleaning 

Enable 

cleaning 

Mechanical Compressed air  

  Mopping  

 Chemical Reacting liquid   

  Water with 

soap 

 

 

In order to keep as many possibilities for the new concepts as possible, it was 

attempted to preserve as many fragments as possible into this phase, where concept 

fragments are generated.  
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The generation of ideas in the brainstorming was developed and synthesized in the 

concept fragments. Different concepts were defined considering these ideas and all 

the different options that could form part of the concepts are shown in the tables of 

the concept fragments in Appendix 7.  

4.3.4 Generating Overall Concepts from Concept Fragments 

The Morphological Chart shows the concept fragments that were considered 

relevant and the possible combinations between them (See Appendix 8). 

Each coloured line is joining different concept fragments performing each function. 

At the end of this process, there are as many overall concepts as colors.  

For the first and last functions in the table, none component has been picked. In the 

first case, the reason is that all the components in the row are related and it is not 

possible to choose only one of them. Besides, the start and stop of the machine 

performance is not the target of this project. The group is focusing on the folding 

station. In the case of the last row, the function is to allow the cleaning of the 

station. However, there is no component that guarantee the easy cleaning and 

therefore, the group is focusing on making the station more spacious by reducing 

the number of parts or changing the configuration of the parts inside the station.  

4.3.5 Concept presentation: Sketches of the new concepts 

Although some components regarding each function have appeared in the 

morphological chart creating different overall concepts, the sketches presented in 

this part are only approaching the folding function. The reason for this is that the 

group is focusing on maximizing the empty space around the tube inside the folding 

station. This empty space would be occupied by the cloth when cleaning and as a 

result, this task would be simplified and the main problem with the current station 

would be solved. In order to achieve this goal, different folding systems and 

configurations of the parts have been considered.  

After selecting a concept, its final design will be developed regarding all the 

functions appearing in the morphological chart. 

The new concepts are presented in the following sketches in Figures 31, 32, 33, 34, 

35, 36, 37, 38, 39 and 40. 
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First concept:  

 

Figure 31: The first concept  

In the first step of Figure 31, the tube enters the folding station. Then, a fork presses 

the flattened tube on its upper part in order to hold it. In the third step, the fork 

rotates and folds the tube towards one side. The fork keeps rotating in the same 

direction in step four and folds the tube again towards the same side. In step five 

the fork stops holding the tube. At this moment, the tube is already folded twice 

towards the same side achieving one of the standardised folds. If this last step was 

repeated, the tube would be folded three times towards the same side achieving 

another standardised fold. Finally, step six in Figure 31 represents the moment 

when the fork is removed and the tube is getting ready for the following station. 
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Second concept:  

 

Figure 32: The second concept  

In the first step of Figure 32, the tube is placed between two molds that fit together. 

One of the molds has the same shape as the desired final fold development (see 

shape of the tube in step three), whereas the other one has the shape which makes it 

fit into the previous mold. In the second step, these molds move towards each other 

pressing the tube and shaping it. In the third step the molds are removed and the 

tube has the desired final fold development shape. Finally, in step four one of the 

parts makes vacuum grabbing the right side of the tube fold from step three and 

pushes this side down and to the left achieving the fold shown in Figure 32. 
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Third concept:  

 

Figure 33: The third concept  

In the first step of Figure 33 the tube is held with two sloped parts. In this position, 

compressed air is shot and bends the tube against one of the sloped parts as seen in 

step two. This sloped part is removed in step three and compressed air is shot again 

bending the tube against the remaining holder and achieving a vertical closed fold, 

as seen in step four. In step five the holder that had been previously removed comes 

back and presses the fold in order to close it completely. If the whole process is 

repeated when the tube is lifted and the fold stays over the sloped parts, the fold in 

step six is obtained. 
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Fourth concept: 

 

Figure 34: The fourth concept  

In the first step of Figure 34 the tube is placed between two molds. The first fold is 

made by pressing a mold with the shape of the desired final fold development 

against another mold which fits together with the other one, as seen in step two. 

The part of the tube that should remain straight (the base of the fold) is held with a 

fork in step three. Step four shows the moment when a part comes from above 

moving towards the tube and pushes the folded side of the tube shaping it around 

the fork. In step five the upper part is removed and the tube has already the desired 

shape. 
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Fifth concept:  

 

Figure 35: The fifth concept  
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This concept is a modification of the current station, where the three first steps of 

Figure 35 are already taking place and correspond to steps one and two in Figure 25 

in chapter 4.1.1. However, the part of the current station that was supposed to press 

the open fold in step four has been removed in order to have more space for the 

cleaning.  

In step four of Figure 35, the roller will move down slightly to close the fold 

partially. This movement is achieved by adding a spring to the design. The spring is 

placed over the roller, perpendicular to it, and is compressed when the roller presses 

the wedge that is holding the tube (step three). When this wedge disappears, the 

spring is no longer compressed and its length is increased, making the roller go 

down (step four). In step five, the roller is removed and the wedge that had been 

used in the beginning in order to hold the tube and get it bent comes back pressing 

the fold against the other holder. In step six the fold has been completely closed. If 

the process is repeated once, lifting the tube until the fold is over the holders before 

starting the repetition, two folds towards the same side would be obtained. If the 

process is repeated once more but bending the tube towards the other side this time, 

the resulting fold profile is the standardised type three. 

Sixth concept:  

 

Figure 36: The sixth concept  

This concept only differs from the fifth concept in the shape of the part that is 

holding the roller. In this case, this part is symmetric and supports the roller from 
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its edges, whereas in the fifth concept this part is solid and holds the roller from one 

side as a cantilever support.  

In the sixth concept, two springs are necessary, one at each support. Stresses are 

symmetric in this design and its performance is better. 

Seventh concept : 

 

Figure 37: The seventh concept 
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This concept is also a modification of the current station, where the three first steps 

of Figure 37 are already taking place. However, the part of the current station that 

was supposed to press the open fold in step four has been removed in order to have 

more space for the cleaning.  

In step four of Figure 37, the roller will move down slightly to close the fold 

partially. This movement is achieved by adding a pneumatic suspension in the joint 

between the arm and the roller holder. The pneumatic suspension pushes the roller 

holder down with an angle and thus, the roller. In step five, the roller is removed 

and the wedge that had been used in the beginning in order to hold the tube and get 

it bent comes back pressing the fold against the other holder. At this moment, the 

fold has been completely closed. If the process is repeated once, lifting the tube 

until the fold is over the holders before starting the repetition, two folds towards the 

same side would be obtained. If the process is repeated once more but bending the 

tube towards the other side this time, the resulting fold profile is the standardised 

type three. 

Eighth concept: 

 

Figure 38: The eighth concept  
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This concept has less than four steps to fold a tube in different directions. The 

folding station has just one tool (the roller) to do the expected folding type. The 

same roller does the folding and the pressing. 

As shown in step number two in Figure 38, the roller moves down into the top of 

the tube with an almost vertical angle but smaller than 90º. This movement could 

be repeated in the same station and the tube would be folded according to a 

standardised profile without being transported to another step of the folding station. 

In the steps three and four in Figure 38, the roller presses the tube against a side 

holder and moves up to the starting position. 

Ninth concept: 

 

Figure 39: The ninth concept 

This concept is also a modification of the current station, where the three first steps 

of Figure 39 are already taking place. However, the part of the current station that 

was supposed to press the open fold in step four has been removed in order to have 

more space for the cleaning.  
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In step four of Figure 39, the roller will move down to close the fold partially. This 

movement is achieved by adding a rubber material in the corners of the arm holding 

the roller. This rubber is represented in Figure 39 as a shading and it acts as a spring 

due to its elasticity. The rubber is compressed in step three, when the roller is 

pressing the tube against the wedge and is no longer compressed when the wedge is 

removed in step four. At this moment, the rubber expands and pushes the roller 

down, folding the tube towards the remaining side holder. Step five shows the 

moment when the wedge comes back to press the fold and close it completely. 

If the process is repeated once, lifting the tube until the fold is over the holders 

before starting the repetition, two folds towards the same side would be obtained. If 

the process is repeated once more but bending the tube towards the other side this 

time, the resulting fold profile is the standardised type three.  

Tenth concept: 

 

Figure 40: The tenth concept  

 

This concept is also a modification of the current station, where the three first steps 

of Figure 40 are already taking place. However, the part of the current station that 

was supposed to press the open fold in step four has been removed in order to have 

more space for the cleaning.  

In step four of Figure 40, the roller will move down to close the fold partially. This 

movement is achieved by adding a hinge and a spring to the design. The hinge is 
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placed in the joint between the arm and the roller holder, whereas the spring is 

located between the inner and outer part of the hinge. The spring is compressed 

when the roller presses the wedge that is holding the tube (step three). When this 

wedge disappears, the spring is no longer compressed and its length is increased, 

pushing the outer part of the hinge and making the roller go down (step four). In 

step five, the roller is removed and the wedge that had been used in the beginning 

in order to hold the tube and get it bent comes back pressing the fold against the 

other holder. In step six the fold has been completely closed.  

If the process is repeated once, lifting the tube until the fold is over the holders 

before starting the repetition, two folds towards the same side would be obtained. If 

the process is repeated once more but bending the tube towards the other side this 

time, the resulting fold profile is the standardised type three. 
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4.3.5 List of identified subsystems 

After presenting the sketches of the concepts, functions and components must be 

listed. Table 24 shows this list. 

Table 24: Subsystems  

FOLDING MOVEMENT ASSEMBLY  ADJUSTMENT ACCURACY SAFETY 

The station 

shall allow 

to fold the 

filled tube 

The station 

shall contain 

parts that are 

connected to 

the rest of the 

machine 

The station 

shall allow 

to be 

assembled 

and 

disassembled 

The station 

shall allow to 

be adjusted 

The station 

shall contain 

parts that 

interact with 

each other 

accurately  

Sensors 

The 

folding 

station 

shall 

prepare the 

tube for 

the next 

station  

The station 

shall allow 

camshaft 

movement 

The station 

shall contain 

parts that are 

fitting with 

each other 

Screws Parallel 

pressing parts 

Warning 

labels 

Molds Rubber The station 

shall allow 

to be 

attached 

Nuts Friction Emergency 

lights 

Vacuum Screws Nuts Washers Plates  

Pressured 

air 

Nuts Washers Molds   

Rotative 

fork 

Washers Screws  Plates   

Rollers Springs Joints Friction   

Pressing 

parts 

Pneumatic 

suspension 

Springs    

Friction Joints Rails    

Plates Rails Molds    

 Fixed arm Bearings    

 Hinge Plates    

Table 24 includes a column of subsystems performing a safety function. These 

subsystems will be included in the concept regardless of which one is selected. It is 

important to mention that safety will be considered in the whole machine, where 
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some safety devices will warn not only about the folding station but also about 

other parts of the machine.  

Firstly regarding the concept itself, sharp edges will be avoided in its design. The 

design of each component will be considered in order to make a solid attachable 

product with a robust assembly, where parts will not get released from it 

unexpectedly. Small dangerous holes through the assembly, where the worker could 

get damaged, will be avoided.  

The second perspective considered is the setting-up of added safety devices into the 

concept. Thus, sensors of proximity will be included in the design. These sensors 

will scan the nearby of the folding station and will detect if the worker is too close 

to a possible injury. When detecting it, the sensors will avoid injuries stopping the 

machine automatically. This will be a prevention measure while the station is 

working. Other sensors will be included in the concept regarding the possible 

adjustment or maintenance of the station when it is stopped. These sensors will 

control the machine and keep it from getting restarted until everything is attached 

into the main machine and the worker is out of the dangerous area.  

Proximity sensors will be installed. They will use the laser to sweep a range of 180º 

and detect if the operator is too close to the production line and could result injured. 

The machine will stop immediately after the sensor detects the danger.  

Proximity sensors will also be installed. They are based on a light curtain that will 

detect any danger if the operator enters the dangerous machine operating area. At 

the same moment the sensor detects the danger, the machine will stop immediately.  

Finally, some warning systems will be included in the concept. Labels will be 

written where the worker will be able to read quickly the area and the risk involved. 

Two emergency lights will be switched on and will warn the worker in the event of 

risk. One light will be placed upon the station and the other one will be placed 

below (in both of the faces of the station line). These lights will show the different 

behaviours of the machine with five different statuses:  

- Red Light: it will mean a failure condition such as machine fault or 

emergency stop. 

- Yellow Light: it will warn about machine overpressure or overheating.  

- Green Light: it will mean normal operation and normal working status. 

- Blue Light: it will mean external help request, where the operator might be 

working with the machine, life scheduling or maintenance actions.  

- White Light: it will mean the operator needs to define specific conditions 

to the machine, such as the ones regarding productivity or speed. 

- Optionally, the same light device will include an alarm buzzer that will 

sound in a range of 70-105 dB. It will warn the operators about high priority 

situations.  
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4.4. Studying and comparing the concepts  

After showing and explaining all the created concepts, a deep study and comparison 

among them is going to be performed in order to choose the final concept. 

4.4.1 Creating attribute names 

Table 25 defines and selects the attributes that will be considered when comparing 

the concepts. These attributes are considered the most relevant ones for the folding 

station.  

Table 25: Attribute names 

Goals Attribute names 

Make the station safe Safe 

Make the station competitive Competitive 

Make the station easy to assemble and adjust Assembly-friendly 

Adjust-friendly 

Make the station easy to clean Clean-friendly 

Make the station ergonomic  Ergonomic 

Company’s choice Company’s choice 

4.4.2 Use of Pugh Matrixes 

The different concepts are compared in Table 26. The symbol “+” means it is better 

in comparison with the existing concept, while “-” means it is worse in comparison 

with this actual concept. Besides, “0” means it is equal. After evaluating the 

concepts, a total sum is calculated. The bigger the number is, the better the concept 

is considered. So that Table 26 is simplified, concepts are numbered according to 

the nomenclature used in chapter 4.3.4 Concept Presentation.  

This process is performed regarding the ranking of preferences that was provided 

by the company. The attribute names that are used to be weighted and to compare 

between concepts are taken from the different objectives that are settled in the 

project.  

Furthermore, the company chose three concepts in the first weighting and these 

concepts were considered the most important ones.  
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Table 26: Rate of the attributes 

Attribute 

Name 

Existing 

concept 

Concept 

1 

Concept 

2 

Concept 

3 

Concept 

4 

Concept 

5 

Concept 

6 

Concept 

7 

Concept 

8 

Concept 

9 

Concept 

10 

Safe 0 0 0 0 0 0 0 0 0 0 0 

Competitive 0 + - 0 0 + + + + + + 

Assembly-

friendly 

0 + - + 0 0 - + - 0 - 

Adjust-

friendly 

0 - - - + - + 0 0 + + 

Clean 

friendly 

0 - + + - + + + + + 0 

Ergonomic 0 + + + + 0 0 0 + + + 

Company’s 

choice 

(0) (0) (0) (0) (+) (+) (+++) (+++) (+) (+++) (+) 

TOTAL 0 1 -1 2 2 2 5 6 3 7 3 

RANK  8 10 9 7 6 3 2 5 1 4 

The results show that concepts 6, 7 and 9 are the most rated choices and also the 

three choices the company made among all the concepts. In Table 26 this is 

represented with (+++). 

A second deeper comparison among these three concepts is performed below, using 

the same attribute names as the first comparison. In this step, a final concept will be 

chosen regarding the objective criteria used in the comparison.   

A new ranking is decided and built to compare the concepts with the actual 

reference concept, the existing station. In order to be more specific in the 

comparison and have a wider scale, five rates are going to be used instead (see 

Table 27) of the three different rates used in the first comparison (“+”, “-” or “0”). 

Table 27: Weights used in the comparison 

Relative Performance Rating 

Much worse than existing concept 1 

Worse than existing concept 2 

Same as existing concept 3 

Better than existing concept 4 

Much better than existing concept 5 
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After gathering and comparing the last three concepts, a final decision was made by 

the company regarding their wishes (see Table 28).  

Table 28: Ranking of the best concepts 

Attribute name Existing concept Concept 6 Concept 7 Concept 9 

Safe 3 4 4 5 

Competitive 3 4 5 5 

Assembly-friendly 3 4 4 5 

Adjust-friendly 3 5 4 5 

Clean friendly 3 4 4 5 

Ergonomic 3 4 4 4 

TOTAL 18 25 25 29 

RANK 4 3 2 1 

To finish the comparison, the final selected concept is concept number 9. Concepts 

6 and 7 are considered both with the same relevance, but from now on, concept 9 

will be developed. 

Figure 41 shows the sketch of the part of the station that has been modified 

completely, the roller with the folding plate. 

 
Figure 41: Roller with folding plate in concept 9 

4.5. Developing the selected concept to a final product  

This step is based on the improvement and design of concept 9. Dimensions will be 

given to the components in each of the steps of the folding station.  
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4.5.1 Optimize the parameters 

Some parameters are considered in order to obtain a safe, good quality and 

ergonomic product. These parameters are described below. 

Angle between the arm and the folding plate 

The angle between the arm and the folding plate is the maximum angle for folding. 

This value is the same as the one existing in the current station so that the arm can 

be moved with the same camshaft (see Figure 42). 

 

 
Figure 42: Angle between the arm and the folding plate 

 

Angle of the roller approach 

The angle of the roller approach has changed in the new concept and it has a value 

of 70º. This is a theoretical value that has not been tested but it is necessary to 

prevent the roller from crashing into the back part. Another reason for this angle is 

that this part must replace the function of the removed part, known as door. Figure 

43 shows this parameter. 

 
Figure 43: Angle of the roller approach 
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Ergonomics 

The developed concept will keep some of the parts as they are currently working. 

The proposed changes involve a rubber material on one of the subsystems, which 

does not increase the noise. Therefore, with the new design the noise will not 

exceed the maximum limits. 

One of the parts from the existing station has been removed in the new concept 

making the station lighter and easier to carry. Therefore, the weight does not exceed 

the maximum limits. 

Stress concentration 

One way to increase the lifelength of the station and design a good quality product 

is to avoid stress concentration. If stress concentration appears, stresses in local 

areas will be much bigger than without this phenomenon. In order to reduce it, the 

shapes of the subsystems are smooth, avoiding sharp edges and abrupt changes in 

sections. Punctual loads are also avoided with this purpose.  

Figure 44 shows an improved profile of the roller with the folding plate in the 

selected concept that will reduce stress concentration. 

 
Figure 44: Profile of the roller with the folding plate that will reduce stress concentration 
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Subsystems 

The proposed shapes for each subsystem are shown in Figures 45, 46, 48, 51 and 

53. 

Figure 45 shows the housing of the developed concept, which is the same one used 

in the current station but moving the holes to fit in the new design. 

 
Figure 45: Housing in the developed concept 

Figure 46 shows the developed holding-down plate, the wedge acting as a side 

holder and ensuring the folded side of the tube is completely closed. The 

dimensions of the component are the same as in the existing station. 

 
Figure 46: Holding-down plate in the developed concept 
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The shape of the wedge has been modified so that the edges are rounded and the 

pressing surface is bigger. With a bigger surface the fold will be more accurate. The 

pressing surface is wider in the new holding-down plate so that the tube is 

completely closed during the folding process and the filling product does not 

overflow the tube. Apart from this surface, the edges near the tube have also been 

changed in order to erase sharp lines and obtain a safer design during the cleaning. 

These changes are shown in Figure 47.b, highlighted in red. Figure 47.a shows the 

new design, whereas the old design is shown in Figure 47.b.   

 
 

Figure 47.a: New holding-down plate Figure 47.b: Current holding-down plate 

Figure 48 shows the arm that connects the camshaft with the holding-down plate in 

the new design.  

 

 
Figure 48: Arm in the developed concept 
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Changes made in the model are highlighted in red in Figure 49.b. Figure 49.a 

presents the new design which has a simpler shape than the current design shown in 

Figure 49.b. The low side of the arm has been removed with the aim of making the 

station more spacious and easy to clean. 

  
Figure 49.a: New arm Figure 49.b: Current arm 

 

Figure 50 shows the folding plate that holds the roller in the developed concept. 

The edges have been rounded and a rubber material has been included in the joint 

between the roller holder and the part connected to the arm. In the sketch presented 

in Figure 41, the rubber was located in the corners closer to the roller but it was 

finally decided to change this location because that configuration would make the 

part weak. Besides, this new design is easier to produce because there is only one 

piece of rubber to place. Figure 51 shows the concept that is being developed with 

the new rubber emplacement.  

 

 
Figure 50: Folding plate of the roller 
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Figure 51: Developed concept with the new rubber emplacement 

 

However, the movements of the roller in the new design and in the old one are 

different and some changes in the camshaft design must be made so that the new 

movement can be carried out. The camshaft is out of the scope of this project and 

will not be designed but this is an important factor that should be considered.  

Changes made in the model are shown in Figures 52.a and 52.b. Figure 52.a shows 

the new design of the folding plate, whereas Figure 52.b shows the current design. 

Two functions have been combined in the new one: firstly, the roller will fold the 

tube towards one side and then close it due to the action of the rubber.  

 

 

  
Figure 52.a: New folding plate of the roller Figure 52.b: Current folding plate of the roller 
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The roller shown in Figure 53 is used in the current design and also in the new one. 

It consists of two parts: an outer part shown in Figure 53.a and a pin inside it shown 

in Figure 53.b. 

 

  

 

Figure 53.a: Outer part of the roller Figure 53.b: Pin inside the roller 

 

4.6. Validating the final design 

After defining the concept with its measures and features, a study of the concept is 

conducted through prototyping. A three dimensional model of the station is 

designed, in order to show its appearance and the way it is moved. An animation 

and 3D printing of the developed concept are presented in this report as an analysis 

about the concept. Thus, the positive and negative points of the concept will be 

shown.  

4.6.1 Validate the design plan 

For this project, a physical prototype is not going to be built but it should be tested 

in order to ensure the main functions, which in this paper are narrowed to the 

cleaning of the station.  

The design plan would be validated by building a physical prototype and cleaning it 

with a cloth in order to prove that there is space enough for it and that it is done in a 

safe and ergonomic way. Cleaning time will be measured in the current station and 

in the prototype as well in order to check that it has been improved. 

4.6.2 Prototype 

In this project, the prototype that will be built will be an analytical one because it is 

aimed at verifying a design and ensuring that it works correctly. With this purpose 

and because of the low cost that it implies and its availability at university, 3D 

CAD has been chosen to create the prototype. The 3D model for the developed 

concept is shown in Figure 49. 
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Figure 49: Prototype of the developed concept 

A 3D simulation has been conducted in order to validate the selected concept and 

prove that it works correctly. The software used for this task is BLENDER and 

CLARA. Some screenshots of the animation have been captured in order to show 

the movement of the developed concept (See Figures 50 and 51). 

 

Figure 50: Animation of the developed concept 
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Figure 51 shows the left perspective of the three steps involved in the developed 

concept of the folding station. Though the movement is simulated correctly, the 

deformation of the rubber could not be shown in the animation. 

 

Figure 51: Left perspective of the animation of the three steps of the developed folding station 

Some of the components have been printed in 3D using the software Cura for the 

printer Ultimaker 2 in order to provide a striking visual impact and get the concept 

through. Figures 52, 53, 54 and 55 show the parts printed in 3D. 

 

Figure 52: 3D printing of the roller and the folding plate 
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Figure 53: 3D printing of the back part 

 

 

Figure 54: 3D printing of the holding-down plate 
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Figure 55: 3D printing of the parts involved in the folding process 

Figure 56 shows the space around the tube in the developed concept. This space 

should be enough to be cleaned with a cloth. 

 

Figure 56: 3D printing of a section of the developed folding station 
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4.6.3 SWOT Analysis of the concept  

Once the selected concept has been developed and a final design has been obtained, 

the strengths, weaknesses, opportunities and threats must be analysed. In this 

project, a SWOT analysis has been conducted in order to validate the concept (see 

Table 29). 

 

Table 29: SWOT Analysis 

 Positive Negative 

Internal perspective STRENGTHS: 

Simplicity 

Efficiency 

Safety 

Competitive 

Assembly-friendly 

Adjustment-friendly 

Cleaning-friendly 

Ergonomic 

WEAKNESSES: 

New concept 

Rubber behaviour 3D simulation 

Interference risk 

 

External perspective OPPORTUNITIES: 

Small companies 

Food industry 

Cosmetics industry 

Pharmaceutical industry 

THREATS: 

Competitors 

Emerging countries 

 

From an internal perspective, the new concept has some strong points. Some parts 

have been removed from the original design making the new one simpler, easier to 

assembly and spacious enough to be cleaned with a cloth. It is also ergonomic, 

efficient, competitive and adjustment-friendly.  

On the other hand, the concept has also some weaknesses. First of all, it is a new 

design and it has not been implemented before. Therefore, all that is known about 

its behaviour is purely theoretical. Besides, the simulation of rubber components 

movement is not an available option in every 3D software and thus, the elasticity of 

this material is not easy to reflect in the 3D prototype. Another weakness of the new 

concept is that there is a possibility that the part which is pressing the tube ending 

the fold in the last step, where the tube is in the uppest position, collides with the 

tube when it moves back after folding the tube. 
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From an external perspective, the new concept would be useful for small companies 

because they do not have a big workforce and it is crucial that workers save time 

cleaning the station. Besides, it is important for the food, cosmetics and 

pharmaceutical industry since they are folding metal tubes and any change in the 

machines used in the process is interesting for them. The company is already selling 

the machine in this market but it is considered as an opportunity in this project. 

On the other hand, competitors are a threat because they are selling machines with 

the same function. Emerging countries must be taken into account as well because 

they are developing  many machinery at low cost.  
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5. Results and analysis 

The main problem faced in this project is the difficulty in the folding station 

cleaning. Moping is done with a cloth but the complexity of the mechanisms in the 

station makes hard this action. The research question for this project was posed as: 

“What is a suitable design of a folding station of metal tubes in order to be cleaned 

without difficulties?” 

The existing problem has been addressed through a product design process which 

has allowed creating new concepts and studying them in order to take the most 

relevant ones for this specific issue. After analysing the new concepts, the most 

suitable one has been developed.  

Results are shown viewing the outcome of the investigation. For this, the main 

components that have been changed from the previous station can be seen in the 

figures below.   

Figure 57 shows the folding plate that holds the roller in the developed concept 

from different perspectives.  

 
Figure 57: Developed folding plate 
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Figure 58 shows the developed holding-down plate from different angles.  

 
Figure 58: Developed holding-down plate 

Figure 59 shows the arm that connects the camshaft with the holding-down plate in 

the new design. Different perspectives are shown for a more detailed focus.  

 

 
Figure 59: Developed arm 
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The 3D model for the developed concept is shown in Figures 60, 61 and 62. 

 

 
Figure 60: Folding station 

 

 

Figure 61: Upper view from the developed folding station 

 

 
Figure 62: Lower view from the developed folding station 
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The figures below present the differences between the existing concept and the 

developed one.  

In Figure 63.a it can be seen the new design with a simpler shape than the current 

design in Figure 63.b. The low side of the arm has been removed with the aim of 

making the station more spacious and easy to clean.  

  
Figure 63.a: Developed arm. Figure 63.b: Existing arm. 

Changes in the holding-down plate are shown in Figure 64.b, highlighted in red. 

Figure 64.a shows the new design, whereas Figure 64.b shows the old design.   

 

  
Figure 64.a: Developed holding-down plate Figure 64.b: Existing holding-down plate 

 

Figure 65.a shows the new design of the folding plate of the roller, whereas the old 

design is in Figure 65.b. 
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Figure 65.a: Designed folding plate  Figure 65.b: Existing folding plate 

Figure 66.a  shows the new design of the folding station, whereas the old design is 

in Figure 66.b. 

  
Figure 66.a: Designed folding station Figure 66.b: Existing folding station 

The simplicity of the designed concept lets the user have more available space for 

cleaning the station when it is needed. The design also maintains its essence in the 

smoothness, where the components are carefully designed with smooth shapes and 

fillets in order to enable the user to clean the station in an easier way. This is 

designed without forgetting the main function of the folding station and its 

competitiveness in the market.  

Besides, it is good to remind the reader that small changes would be needed to be 

done in some of the cams of the existing camshaft in order to perform the needed 

movement. 

There are some limitations regarding the validation of the concept, as the 

deformation of the rubber could not be simulated in this project with the 3D model. 

This leads to some uncertainty regarding the functionality and the material of the 

designed components that cannot be opposed. Figure 67 shows the right perspective 
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of the animation of the three steps involved in the developed concept of the folding 

station. 

 
Figure 67: Right perspective of the animation of the three steps of the developed folding station 

Figure 68 shows four parts of the folding station printed in 3D: the holding-down 

plate, the roller with the folding plate and the back part. They are placed in the 

working position.  

 
Figure 68: 3D printing of the folding station 
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6. Discussion and conclusion 

In this report, the scope of the project is the folding station and the main problems 

which are the cleaning of the station and the tube lifting produced as a result of the 

stains. The main objective is to find out new concepts of the station to make the 

cleaning with a cloth easier. 

A different way to tackle the problem could be to avoid the stains that are produced 

in the flattening station when the tube is pressed and the product excess goes out of 

the tube as a result. Sensors could be used to detect the level of the filling product 

inside the tube while it is being filled so that there is no excess of product. If part of 

the product would splash the tube when filling it, another sensor could detect the 

dirt and stop the machine so that no dirt would reach the folding station. 

Compressed air could also be used to extract the dirt in the filling or in the 

flattening station and avoid stains all over the machine and the tube. The cleaning 

problem in the folding station would disappear before starting. 

Both suggested improvements in the paragraphs above would avoid stain 

appearance and therefore, the tube would not be slippery when manipulated. This 

would solve the actual tube lifting problem.  

Besides, the new concept could have been developed in a less theoretical way by 

skipping the design process and coming up with some sketches of the new ideas, 

testing them and iterating in order to improve the design. It would be done on a trial 

and error basis instead. 

The company wanted to see some new ideas for the folding station and in this way, 

the group succeeded because ten new concepts were presented in this project. A 

simulation showing how the tube enters the folding station and is later folded has 

been implemented in order to communicate the selected concept in a clearer way. 

Choosing the material is out of the scope of this project so the rubber material 

included in the developed concept is not specified and its selection would be up to 

the company. 

The new concept might carry some changes in the design of the camshaft that will 

be considered later on by the company as the focus of this project is on the folding 

station and not on the way it is connected to the machine. 

The next step after validating the concept would be to perform machine design 

calculations in order to refine the concept design and obtain the technical drawings 

needed for the production of the concept. 
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APPENDIX 2: Literature review  
 

Regular Process Jackson Ulrich and Eppinger Ullman. Anil Mital Roozenburg & Eekels Pahl and Metz 

 

Introduction 

INTRODUCTION 

Getting Design Right Development Processes and 
Organizations 

Describing Mechanical Design 
Problems and Process 

Developing Successful 
Product 

The Structure of the 
Product Design 

Process 

Introduction Introduction 

Designers and Design Teams Design Methodology  Fundamentals 

 

Planning 

 

DEFINE THE PROBLEM 
Define the Problem Product Planning The Design Process   What is Design? Product Planning, Solution 

Finding and Evaluation  
Product Development 
Process 

PRODUCT OBJECTIVES AND REQUIREMENTS 

Measure the Needs and 
Set Targets 

Identifying Customer Needs Planning for the Design Process   The Structure of the Design 
Process 

Task Clarification Product Development 
Process 

 Product Specification Understanding the Problem and 
the Development of Engineering 
Specifications 

Analysis: From Design 
Problem to Design 
Specification 

Design for Quality 
 

 

Concept Development 

CONCEPT GENERATION 

Explore the Design Space Concept Generation Concept Generation   Synthesis: Thinking up a 
´Provisional´ Design 

Conceptual Design Product Development 
Process 

Simulation: Predicting the 
Properties of a Design 

 

System-Level Design 

STUDYING AND COMPARING THE CONCEPTS 

Optimize Design Choices Concept Selection Concept Evaluation   Evaluation and Decision 
Making: What is the Best 
Design? 

 Product Development 
Process 

Concept Testing 

 

Detail Design 

DEVELOPING THE SELECTED CONCEPT TO A FINAL PRODUCT 

Develop the Architecture Product Architecture The Product Design Phase   Evaluation and Decision 
Making: What is the Best 
Design? 

 Product Development 
Process 

Industrial Design 

 

Testing and Refinement 

VALIDATING THE FINAL DESIGN 

Validate the Design Design for Manufacturing Product Generation Designing for Assembly and Disassembly  Embodiment Design Product Development 
Process 

Prototyping Designing for Maintenance Design for Quality 

Designing for Functionality 

Design for Usability 

Final Production Execute the Design  Product Evaluation for 
Performance 

 Design for Minimum Cost 

Iterate the Design Process Product Evaluation for Cost, 
Manufacture, Assembly and 
Other Measures 

Launching the Product 

 



1 (11) 
 

 

 

APPENDIX 3: Use cases with flow charts  
 

Use Case 1. User manipulates folding station. Folding station folds tube. 

 

Initial conditions 

Folding station is stopped. 

 

USER FOLDING STATION TUBE (FILLED) 

Starts the machine   

 Starts working  

Manipulates and 

controls station 

  

  Is flattened 

 Holds tube  

 Prevents tube from moving 

vertically 

 

  Is kept in the 

correct position 

 Folds tube towards one side in the 

first step using parallel tools 

 

 Folds tube in several steps  

 Prepares tube for the next station  

 

Ending conditions 

Filled tube is folded. 
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Use Case 2. User cleans folding station. Folding station folds tube.  

 

Initial conditions 

Folding station is stopped. 

 

USER FOLDING STATION FILLING PRODUCT 

Starts the machine   

 Starts working  

Manipulates and 

controls station 

  

  Goes out of the tube 

  Stains tube surface and folding 

station 

 Holds tube  

 Prevents tube from moving 

vertically 

 

 Folds tube towards one side in 

the first step using parallel 

tools 

 

 Folds tube in several following 

steps 

 

 Prepares tube for the next 

station 

 

Notices product has 

overflowed the tube 

  

Stops machine   

 Folding station is stopped  

Tilts folding station   

Cleans and mops the 

folding station 
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Ending conditions 

Folding station is clean. 

 

 

 

System flow diagram for  use case 2: User cleans folding station. Folding station folds tube 
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Use Case 3. Machine manipulates filled tube.  

 

Initial conditions 

Folding station is stopped. 

 

USER MACHINE TUBE (FILLED) 

Starts the machine   

 Starts working  

  Tube enters the machine 

 Reads tube code  

 Fills tube  

  Tube is filled 

 Flattens tube  

  Tube is flattened 

 Folds tube  

  Tube is folded 

 Closes tube  

  Tube is closed 

 

Ending conditions 

Tube is ready for being packed. 
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Use Case 4. Company assembles folding station. 

 

Initial conditions 

Folding station is unassembled. 

 

COMPANY FOLDING STATION MACHINE 

Gathers all the components   

Starts assembling the station   

Uses tools Contains screws, 

washers and springs 

 

 Mechanism is 

assembled 

 

Checks the machine is ready 

to attach the station 

  

Attaches station to the 

machine 

  

  Holds folding 

station 

 

Ending conditions 

Folding station is attached to the machine. 
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System flow diagram for  use case 4: Company assembles folding station 
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Use Case 5. Company adjusts folding station.  

 

Initial conditions 

Folding station is unadjusted. 

 

COMPANY/USER MACHINE FOLDING STATION 

Checks the production demand   

 Product genre 

is changed 

 

Adjusts the machine according 

to the incoming product genre 

  

 Is being 

adjusted 

Allows tools to be 

adjusted for different 

tube thicknesses 

Tries the machine and folding 

station 

  

User readjusts the machine if it 

is unadjusted 

  

 

Ending conditions 

Folding station is adjusted. 

 

 

 

System flow diagram for  use case 5: Company adjusts folding station 
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Use Case 6. User cleans folding station. Folding station lifts tube.  

Initial conditions 

Folding station is stopped. 

 

USER FOLDING STATION TUBE (FILLED) 

Starts the machine   

 Starts working  

Manipulates and controls 

station 

  

  Is flattened 

  Ejects filling 

product outside 

 Holds tube  

 Fails preventing tube from 

moving vertically 

Is lifted 

 Folds tube towards one side in 

the first step using parallel 

tools 

 

 Folds tube in several 

following steps 

 

 Prepares tube for the next 

station 

 

Notices tube is folded 

incorrectly 

  

Stops machine   

Realizes tube and tools 

are covered with product 

  

Removes folding station   

 Folding station is removed  

Cleans and mops the 

folding station 
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Ending conditions 

Folding station is clean. 

 

 

 

 

System flow diagram for  use case 6: User cleans folding station. Folding station lifts tube 
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Use Case 7. Folding station prepares tube for the next station.  

 

Initial conditions 

Folding station is stopped. 

 

USER FOLDING STATION TUBE (FILLED) 

Starts the machine   

 Starts working  

Manipulates and 

controls station 

  

  Tube is flattened 

 Holds tube  

 Prevents tube from moving 

vertically 

 

 Folds tube towards one side 

in the first step using 

parallel tools 

 

 Folds tube in several 

following steps 

 

 Prepares tube for the next 

station 

 

  Tube stays in vertical 

position with the folds 

totally closed 

 

Ending conditions 

Folding station is ready for the next station. 
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System flow diagram for use case 7: Folding station prepares tube for the next station 
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APPENDIX 4: Secondary use cases 
 

Secondary Use Case 1 (User View) 

USER MACHINE FOLDING 

STATION 

Is cleaning the machine and accidentally 

places the hand in a dangerous place of the 

folding station 

  

  Detects the 

hand 

 Machine stops Stops 

immediately  

Realizes it stopped    

Restart the machine   

 Production 

line starts 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 (4) 
 

 

 

 

Secondary Use Case 2 (User View) 

USER MACHINE FOLDING STATION 

Realices product is stucked in the 

folding station 

  

Stops line   

 Machine stops Station stops 

Opens folding station   

  Folding station gets 

opened  

Removes product    

Checks everything is good now   

Closes folding station   

  Folding station is 

closed 

Restarts the line   

 Machine 

restarts 

Station restarts 

 

Secondary Use Case 3 (User View) 

USER MACHINE FOLDING 

STATION 

Realices product coming is not 

the asked one 

  

Stops machine immediately    

 Machine stops  

Opens station to change product    

 Machine is able to be 

opened  
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Secondary Use Case 4 (Company View) 

COMPANY MACHINE FOLDING 

STATION 

Is assembling folding station   

Something accidentally falls on the 

assembly 

  

  Station breaks 

 

 

Secondary Use Case 5 (Company View) 

COMPANY MACHINE FOLDING STATION 

Is assembling folding 

station 

  

Attaches it to the 

machine 

  

  Slips and falls down 

  Disassembles and pieces come off the 

main assembly 

 

 

Secondary Use Case 6 (Company and User View) 

COMPANY/USER MACHINE FOLDING STATION 

Drops a component to the floor   

  Product impacted onto the floor 

  Is damaged 

Discards component   
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Secondary Use Case 7 (Company View) 

COMPANY MACHINE FOLDING 

STATION 

Realizes some part is missing when 

assembling 

  

Disassembles the station   

  Station disassembled 

Assembles it again   

  Station assembled 

 

 

Secondary Use Case 8 (Company View) 

COMPANY MACHINE FOLDING 

STATION 

Does not find one of the components of the 

assembly  

  

Finally finds the component   

Assemblies the station   

  Station assembled 
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APPENDIX 5: House of Quality 
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APPENDIX 6: Brainstorming session  

Design of each steps of the station:  

Avoid sharp edges 

Reduce the number of parts 

Simplify design of parts 

Station can include screws in its design 

Station can include springs 

Use rubber so that it acts as a spring 

Station can include molds 

Station can include tubes 

Station can include rails  

Station can include ball joints  

Station can include bearings 

Station can be smaller  

Station can include hinges 

Sources for folding tube: 

Station can include compressed air 

Station can include rollers 

Station can include rotative foldings 

Station can include vacuum air  

Station can include plates  

Make vacuum to grab and push the tube 

Rollers could be avoided 

Holding the tube:  

Tube holding system can be modified 

Clamps could be used to fold the tube or to hold it 

Closing:  

Closing can be done by welding 

Closing can be done by glue 

Closing can be done by pressure force  

Closing can be done by using a zip 

Standardised folds: 

Product can be folded using different standardised folds. 

Product can be folded without considering the standardised folds. 

Different standardized fold can be made. 



1 (2) 
 

 

 

APPENDIX 7: Concept fragments  

 

The station shall allow to be 

assembled and disassembled 

The station shall allow to 

fold the filled tube 

The station shall allow to 

close the filled tube 

Screws Plates Pressure force 

Plates Tubes  

Tubes Rollers  

Friction Springs  

Springs Pneumatic suspension  

Molds Friction  

Ball joints Pressure air  

Bearings Vacuumed air  

 Rotation  

 Molds  

 

The station shall allow 

to be cleaned 

The station shall allow 

camshaft movement 

The station shall contain parts that are 

fitting with each other 

Mopping Plates Plates 

 Springs Springs 

 Friction Bearings 

 Bearings Joints 

 Rails Screws 

 Joints Nuts 

 Synchronized components Rails 

  Weldings 
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The station shall contain parts that 

interact correctly with the rest of the 

machine 

The station shall contain parts 

that fit with interacting 

subsystems 

The station shall 

allow to be attached 

Plates Plates Screws 

Springs Springs Nuts 

Bearings Bearings Weldings 

Joints Joints Joints 

Screws Screws Rails 

Nuts Nuts Plates 

Rails Rails  

Weldings Weldings  

 Camshafts  

 

The station shall allow to be 

stopped and started 

The station shall allow external 

force applications 

The station shall allow to 

be adjusted 

Sensors Human power Screws 

Switches Net connection Plates 

Alarms Solar energy Tubes 

Buttons  Friction 

  Springs 

  Molds 

  Ball joints 

  Bearings 
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APPENDIX 8: Morphological chart 
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